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ABSTRACT 
 The science of soil-testing for nutrient management and fertilizer recommendations is 
widely accepted among scientists and agronomists. Although this science is unsurpassed in 
predicting soil nutrient availability, soil-test interpretations are seldom validated. Major research 
objectives for irrigated soybean [Glycine max (L.) Merr.] and direct-seeded, delayed-flood rice 
(Oryza sativa L.) were to: i) validate the accuracy of Mehlich-3 soil-test P (STP) and K (STK) 
interpretations and ii) published critical tissue-P and -K interpretations in predicting the yield 
response to fertilizer at different significance levels (p≤0.05 to 0.25), iii)  examine how seed 
nutrient concentrations are influenced by fertilization and crop response to fertilizer, and iv) 
evaluate how soil samples from two different depths (0-10 and 0-30 or -45 cm) influence crop 
response to fertilization. Seventeen (soybean) and 16 (rice) total field experiments were 
conducted in 2013 and 2014. Soil-P interpretations showed an overall accuracy of 40 (p≤0.05) to 
55% (p≤0.25) for soybean and 35% (p≤0.05 and 0.25) for rice in predicting the yield response to 
fertilizer. Overall accuracy of STK interpretations regarding yield response predictions was 71 
(p≤0.05) to 84% (p≤0.25) for soybean and 14 (p≤0.25) to 20% (p≤0.05) for rice. Complete 
evaluation of critical tissue-P (soybean) and -K (rice) concentrations were unfeasible due to the 
lack of site-years in deficient categories. Rice tissue-P concentrations were 50 (p≤0.05) and 39% 
(p≤0.25) accurate in predicting the fertilizer effect on yield. Yield response to fertilizer was 
accurately predicted at 48 (p≤0.05) to 62% (p≤0.25) of the sites by tissue-K concentrations of 
soybean. Seed nutrient concentrations of soybean were influenced by fertilizer more frequently 
and to a greater measure compared with rice. Regression analysis of soil nutrient indices of the 
shallow and deep soil depths for both crops were relatively strong with a slope close to 1.0 
suggesting nutrients at deeper depths had minimal effects on the yield response of either. With 
  
exception to STP in rice, nutrient concentration interpretations of soil and tissue for both crops 
and nutrients were affected by the significance level used to evaluate the data. Tissue 
concentrations were an inferior (soybean) and superior (rice) predictor of crop response to 
fertilizer. 
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Literature Review  
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INTRODUCTION 
Routine soil analysis for fertilizer recommendations is considered an important 
component contributing to increased crop yields, and maintaining soil productivity. Stewart et al. 
(2005) reported that fertilization of major grain crops accounted for 40-60 % of the crop yield 
increases in the USA and England during the twentieth century. Coincidentally, soil testing has 
been utilized in the USA as a crop-fertilization decision aid since the late 1940’s and is now used 
as a tool for both crop and environmental nutrient management (Voss, 1998). The number of soil 
samples submitted for analysis in the USA has exhibited three trends between 1949 and 2010 
including a period of rapid growth in the 1950’s and 1960’s, steady growth from 1970-2005, and 
another period of rapid growth from 2005-2010 (International Plant Nutrition Institute, 2010).  
DeLong et al. (2013) reported that the number of soil samples submitted to the University of 
Arkansas Soil Test Laboratory has increased by 14,220 per year since 2006 and is the result of 
grid samples collected for variable rate fertilization (VRF). Partial reasoning behind increased 
grid soil sampling is that spatial variability of soil chemical properties within production fields is 
well documented and suggests the fertilizer rate required to optimize crop growth may also 
change within a field (Bermudez and Mallarino, 2007).   
Fundamentally, the main purpose of routine soil analysis is to assess the suitability of soil 
pH and nutrient availability for crop production so that one can apply the proper soil 
amendments, fertilizer sources, and rates to prevent crop yields, profits, or both from being  
limited by nutrient deficiency or excess. Development of fertilizer recommendations from soil-
test-based, nutrient-availability-index values requires that the nutrient-availability index be 
correlated with crop nutrient uptake, yield or both.  Wittry and Mallarino (2004) concluded that 
the most accurate soil sampling approach differed among fields and noted that the classification 
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of soil nutrient concentration ranges into levels (e.g., Very Low, Low, Medium, Optimum, etc…) 
influenced the rate of fertilizer recommended. Wittry and Mallarino (2004) concluded that VRF 
based on grid or zone sampling reduced fertilizer use by placing fertilizer where it was needed. 
Compared to uniform fertilization rate, VRF seldom increases yields but may help reduce 
variability in soil-test P (STP) in some fields (Bermudez and Mallarino, 2007).  Reducing 
fertilizer use and avoiding fertilizer application on soils with optimal or above optimal fertility 
could collectively reduce nutrient loss into the landscape. The adoption and subsequent use of 
precision agriculture assumes that the correlation between crop yield response to fertilization and 
the calibration of the amount of fertilizer needed to optimize crop yield across soil nutrient 
availability index values are strong. 
The literature contains numerous examples showing the correlation between crop 
growth/yield and soil-nutrient-availability indices (Vajragupta et al., 1963; Grove et al., 1987; 
Fageria et al., 1997; Mallarino, 2003; Dodd and Mallarino, 2005; Barbagelata and Mallarino, 
2012) some of which are specific to Arkansas crops and soils (Slaton et al., 2006; 2009; 2010). 
Unfortunately, there are few published examples describing the accuracy of fertilizer 
recommendations made from soil nutrient availability indices. We could find some research 
reporting on the accuracy of N-fertilizer recommendations based on soil-N tests (Williams et al., 
2007; Roberts et al., 2013), but could find no reports with the specific objective of evaluating the 
accuracy of P and K fertilizer recommendations based on STP and soil-test K (STK).  Although 
the correlation and calibration process provides information (e.g., r2 of regression relationships) 
regarding the accuracy of the defined relationships, validating the accuracy of soil-test-based 
fertilizer recommendations seems like an important and critical step that is often overlooked.   
The goal of the following literature review is to identify and define the factors that may 
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influence the accuracy of fertilizer recommendations. The specific literature review objectives 
are to i) define the factors that contribute to errors or inaccuracies in the soil-testing process, ii) 
review the correlation and calibration relationships for row crops with emphasis on rice (Oryza 
sativa L.) and soybean [Glycine max (L.) Merr.], and iii) assess the accuracy of soil-test-based 
fertilizer recommendations. 
FACTORS THAT INFLUENCE SOIL TEST RESULTS 
Soil testing is the best available technology for assessing soil-nutrient availability for 
crop production, but the soil-testing process is subject to variability that can influence the 
nutrient-availability-index values and fertilizer recommendations. Soil sample collection is often 
described as the most critical step in the process because errors made in collection compromise 
the sample from the start and can only be corrected by collecting additional samples (Cameron et 
al., 1971).  Sample collection errors include collecting samples from an inconsistent depth, a 
depth different than what is recommended, or areas that are not representative of the entire field, 
grid or zone.  The two types of variability associated with collecting soil samples include spatial 
variability (Sabbe and Marx, 1987; Trangmar et al., 1987; James and Wells, 1990; Mallarino, 
1996; Lauzon et al., 2005; Grandt et al., 2010), both vertically and horizontally across a field, as 
well as temporal variability (Fine et al., 1940; Childs and Jencks, 1967; James and Wells, 1990). 
Collecting soil samples from grids or zones attempts to reduce the effect of spatial variability, 
but there is no single answer for how large an area each grid sample should represent.  Mallarino 
(1996) concluded that variability trends varied among fields, but fields consistently showed the 
within-field macro-variability of STP and STK was greatest perpendicular to crop row direction. 
Tillage, banded and broadcast fertilizer applications, as well as the duration (e.g., number of 
years) of the practice influence horizontal nutrient distribution (Sabbe and Marx, 1987; James 
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and Wells, 1990; Peck and Soltanpour, 1990; Mallarino, 1996).  Lauzon et al. (2005) concluded 
that 13 of the 23 fields they researched required grid spacing of <30 m to adequately characterize 
spatial variability of soil pH and STP and STK and suggested the commonly used 100-m grid 
size failed to adequately characterize field spatial variability.   
Soil nutrients are generally stratified in the soil profile with the topsoil (A horizon) being 
the most productive and containing the greatest nutrient-availability indices that generally 
decline as soil depth increases (Childs and Jencks, 1967; Eckert, 1994; Page et al., 2005). 
Vertical stratification of nutrients is exacerbated by reduced- and no-tillage systems compared to 
soils that are conventionally tilled (Eckert, 1994; Mallarino, 1996).  Page et al. (2005) showed 
that topography and geography alone had virtually no effect on the horizontal distribution of STP 
of grasslands used for livestock production. The removal of topsoil by erosion or land leveling 
practices can affect soil-test variability across a field as subsoil tends to be less fertile and 
productive and represents a form of both vertical and horizontal variability (James and Wells, 
1990).  
Temporal variation of soil chemical properties is well documented and tends to vary 
among soil properties. Soil pH is known to fluctuate across time in response to changes in soil 
salinity and microbial activity with the highest pH values occurring in the winter and the lowest 
values occurring in the summer.  Keogh and Maples (1972) reported soil water and salt (0.01 
mol L-1 CaCl2) pH fluctuated 0.3 to 0.9 units across time in Arkansas with above average pH 
occurring in the fall and winter months and below average pH occurring in the dry summer 
months. Likewise, Keogh and Maples (1972) measured significant fluctuations in STP and STK 
across time. The relative deviation of the mean STP and STK values for 18 different soils 
sampled 32 times between June 1965 and December 1966 ranged from 6.6 to 34.4% (µ = 13.5%) 
6 
 
for P and 4.4 to 20.3% (µ = 12.4%) for K. It is interesting to note that the actual standard 
deviation of the mean increased as STP or K increased but the relative deviation (percentage of 
variation) decreased as the soil P and K availability index increased. Childs and Jencks (1967) 
showed, in a Kentucky bluegrass (Poa pratensis L.) pasture, STP increased from September 
through November when it reached a maximum, decreased from November through July, and 
sharply increased again in August. The largest differences measured for STP across time from 
the same plots occurred from July to August with the 0-to 5-cm sampling depth difference being 
26 mg P kg-1 soil and the 0-to 15-cm sampling depth difference being 21 mg P kg-1 soil.  In 
contrast, STK was low in September, increased to a maximum and plateaued in the months of 
November through February, decreased to its lowest value in the months of May through July, 
and increased sharply in August.  The largest differences for STK across time also occurred from 
July to August with the 0-to 5-cm sampling depth difference measuring 77 mg K kg-1 soil and 
the 0-to 15-cm sampling depth difference measuring 54 mg K kg-1 soil.  For both P and K, Childs 
and Jencks (1967) showed greater variability occurred in the 0-to 5-cm depth compared to the 0-
to 15-cm depth. The increase in STK during the winter months could be explained by the release 
of significant amounts of K by the freezing and thawing actions of the soil (Fine et al., 1940). 
Childs and Jencks (1967) also stated that the variation in STP and STK during the summer 
months may be due to plant nutrient uptake and/or the weather patterns of high temperatures and 
alternating moist and dry soil conditions that can influence nutrient fixation and release. They 
suggested that extractable soil nutrient levels decrease as soil dryness increases.    
Laboratory procedures and errors are an additional source of variability that can influence 
soil-test results and their interpretation. A number of soil-test methods are available to assess soil 
nutrient availability and the amount of nutrient extracted among the different soil-test methods 
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may be similar or quite different (Sabbe and Marx, 1987; Atia and Mallarino, 2002).  Regardless, 
of how much nutrient is extracted, the amount of nutrients extracted between methods is often 
highly correlated. The method of determination can also influence the measured nutrient 
concentrations from the same soil-test extractant.  For example, Mallarino (2003) showed that 
determination of P in Mehlich-3 extracts by inductively coupled plasma emission spectroscopy 
yields greater STP values than measurement by colorimetry. Variability exists in soil-test results 
even among laboratories that use the same soil-test method and may be due to slight procedural 
differences, instrumentation, and the laboratory environment (Kleinman et al., 2001).  The 
variability in STP and K extracted from subsamples of soil removed from a single processed soil 
sample is commonly about 10% of the mean (N.A. Slaton, personal communication, 2014).  
REVIEW OF CORRELATION AND CALIBRATION RELATIONSHIPS FOR P AND K FOR RICE AND 
SOYBEAN 
The correlation process involves determining the relationship between the amount of 
nutrient extracted by an extractant and some measure of plant growth, nutrient uptake or yield. 
The correlation step simply indicates whether the measured soil properties are an indicator of 
nutrient availability, how strong the relationship is, and ultimately whether the soil-test can be 
used as a basis for crop fertilization.  If the correlation is statistically significant and reasonably 
good, the amount of fertilizer needed to optimize crop yield is calibrated to the soil nutrient 
availability index. The calibration step involves determining the rate of fertilizer needed to 
optimize yield and regressing the optimal fertilizer amount against the soil nutrient availability 
index value. The objectives of the correlation and calibration steps are usually satisfied in a large 
number of trials in which each trial includes a no-nutrient control treatment and several nutrient 
rates that range from relatively low to high rates (Corey, 1987).   Alternatively, fertilizer rate 
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recommendations are often established based on a philosophy (e.g., build and maintain or crop 
sufficiency philosophies) that is independent from calibration data. 
The correlation/calibration process is complicated by spatial and temporal variability, soil 
chemical properties, soil texture, crop management, and other factors that can influence crop 
yield and response to fertilization (Dahnke and Olson, 1990).  The correlation and calibration 
process usually groups soils with similar physical characteristics together (Corey, 1987) and uses 
yield expressions such as percent relative yield or yield increase to improve the relationship 
instead of actual crop yield (Dahnke and Olson, 1990). The soil-test method, crop yield 
expression (e.g., actual yield, relative yield or yield difference), and statistical methods (e.g., 
model) used to derive the critical soil-test value can all have a significant effect on the strength 
of the correlation and the critical soil nutrient availability index value (Tables 1.1 and 1.2). 
Mallarino and Blackmer (1992) reported the economic returns from fertilizer recommendations 
based on critical soil test nutrient concentrations were more dependent on the statistical model 
(e.g., quadratic or linear plateau) than the plant growth expression or extractant. 
PHOSPHORUS CORRELATION 
The literature contains few examples showing the correlation between rice growth or 
yield with STP (Table 1.1). The summary of literature detailing the relationship between STP 
and crop yield indicates there is a wide range of accuracy of STP as an indicator of crop response 
to P fertilization.  The r2 values of the correlation range from 0.17 to 0.83. Seven examples of 
research correlating STP were found for flood-irrigated rice, corn (Zea mays L.), soybean, and 
winter wheat (Triticum aestivum L.) which had r2 values that varied from a low of 0.17 for rice 
and 0 to 0.54 for corn and wheat. The various STP methods appear to explain about 30 to 50% of 
the variability in crop yields among soils receiving no P (Mallarino and Blackmer, 1992; 
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Mallarino, 2003; Dodd and Mallarino, 2005), but a few reports show higher (Mallarino and 
Blackmer, 1992; Fageria et al., 1997; Dodd and Mallarino, 2005) or lower (Beegle and Oravec, 
1990; Heckman et al., 2006; Slaton et al., 2006) r2 values. Heckman et al. (2006) reported that 
the Bray-1, Morgan, Modified-Morgan, Mehlich-1, and Mehlich-3 STP methods were not 
significantly correlated across a twelve-state region in the Northeast USA suggesting the 
methods were of no use for predicting the need for P fertilization. Dodd and Mallarino (2005) 
showed that the strength of the correlation for several STP methods with relative corn and 
soybean yields was strongest when multiyear data from a single site were used, but the strength 
of the relationship decreased when multiple sites were combined. Mallarino (2003) showed that 
the strength of correlation and critical, STP values were similar for Bray-1 and Mehlich-3 P 
determined by inductively coupled plasma atomic emission spectroscopy (ICP-AES) or 
colorimetry.  The amount of P extracted between two methods is often highly correlated 
(Mallarino, 2003; Heckman et al., 2006), so it is not surprising that the strength of the correlation 
relationships among methods is often similar.  
Correlation of soil P availability with the yield of flood-irrigated rice has proven to be 
very difficult because anaerobic soil conditions tend to increase soil P availability (Slaton et al., 
2006).  Fageria (1997) showed a significant and strong correlation between rice yield and 
Mehlich-1 P, but the rice was grown under non-flooded conditions (Table 1.1).  The oxidation-
reduction status of the soil has a significant influence on soil-P availability. The commonly 
applied soil-test methods used to measure soil-P availability were designed for upland crops like 
corn, soybean, and wheat. The flooded anaerobic soil conditions under which rice is commonly 
grown tends to increase P availability by increasing the solubility and movement of soil P via 
redox reactions, pH changes, or the saturated soil conditions (Ponnamperuma, 1972). Phosphorus 
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availability is reduced for crops grown immediately after rice due to fixation of soluble P to the 
iron (Fe)- and reductant-soluble P fractions (Willett, 1982; Patrick et al., 1985) caused by 
alternating aerobic-anaerobic soils. These changes in P availability may explain why a relatively 
good correlation was found between relative wheat yield and Mehlich-3 P (r2 = 0.54) when 
wheat followed rice in the rotation and why P deficiency of wheat following rice is common 
(Slaton et al., 2005).  Inclusion of wheat grown following other crops in the correlation dataset 
has reduced the strength of the correlation (Slaton et al., 2011b).  
Literature detailing the correlation and calibration of STP for soybean growth or yield is 
also limited (Table 1.1). Dodd and Mallarino (2005) reported relatively strong correlations 
between relative soybean yields and Bray-1 P. In contrast, Slaton et al. (2010; 2011a) indicated 
the correlation between Mehlich-3 P and relative soybean yield was significant, but not highly 
accurate in Arkansas. In Arkansas, Slaton et al. (2003) found no soybean yield response to P 
fertilization following rice on silt loam soils.  Slaton et al. (2001) showed that in a rice-soybean 
rotation, Mehlich-3 P decreases after rice is grown and gradually increases until rice is grown 
again. The length of time (~8 months) between a soybean and rice crop, may allow P availability 
to increase and be a partial explanation of why soybean infrequently responds to P fertilization.  
POTASSIUM CORRELATION 
The summary of literature in Table 1.2 lists examples of research correlating crop growth 
or yield responses to STK. The r2 values from the correlation relationships between crop yield 
and STK range from 0.25 to 0.76. Roughly 25 to 45% of the variation in crop yield or growth is 
typically explained by the majority of STK methods (Grove et al., 1987; Barbagelata and 
Mallarino, 2012).  Slaton et al. (2009; 2010) also found correlation values in this range when 
extracting soils with HNO3 but showed higher coefficients of determination for the Mehlich-3 
11 
 
extractant. Of these correlation relationships, only one example was found for rice and three for 
soybean. Slaton et al. (2009; 2010) found that the Mehlich-3 extractant on Arkansas soils 
accounted for 63% and 76% of the variability in rice and soybean relative yield, respectively, 
and they were the strongest relationships found in the literature.  
  In rice, Slaton et al. (2009) found that the r2 value of the HNO3 extractant accounted for 
20% less variability than the Mehlich-3 extractant. Likewise, for soybean, the variability 
accounted for by the HNO3 extraction method was about 30% less than the Mehlich-3 method 
(Slaton et al., 2010). Despite the greater correlation of the Mehlich-3 extactant with rice yield, 
Slaton et al. (2012) found that STK more accurately predicted rice K uptake than yield response 
to K fertilization. This is due in part to factors like environment, insects, and diseases that may 
influence crop yields more than nutrient uptake.  Also, the Mehlich-3 soil-test method is 
performed on dry soil and may not account for the physical and chemical release of K that likely 
occur in flooded soils.  Patrick et al. (1985) stated that the reduction of Fe3+ and Mn4+ that occurs 
in flooded soil conditions aid in the release of exchangeable K into the soil solution.  
Barbagelata and Mallarino (2012) studied the accuracy of STK in predicting yield 
response of soybean and corn to K fertilization on Iowa soils as affected by the use of moist or 
dry soil samples using the NH4OAc extractant. Their results showed that the use of dried soil had 
STK values roughly three times that of the moist soil, but the dry soil accounted for 25 to 30% 
less variability in corn and soybean yield than when K extraction was performed using field 
moist soil.  
SUMMARY 
 Fertilizer recommendations rely on the science of soil-testing to gain insight on the amount of 
fertilizer to apply to obtain maximum yields. Soil testing has played a significant role in increasing crop 
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yields over the past 70 to 80 years, but further improvements and verification of its accuracy for 
identifying soils that require fertilization are warranted because it directly influences the profitability of 
crop production and is being used to regulate nutrient management practices. Increased acceptance of 
precision agriculture technology and an increase in environmental regulations has put a significant 
stress on soil testing to be precise and accurate in the amount of fertilizer that is recommended to 
maintain soil fertility, enable the production of maximum crop yields, and reduce nutrient movement 
into the surrounding environment.  The literature review showed that i) a host of factors like sampling 
errors, spatial and temporal variability, and soil-test method can influence soil nutrient availability 
indices; ii) STP and STK indices often account for less than 50% of the variability in crop yield 
response to P and K fertilization among different soils; iii) crop yields have been correlated with soil 
nutrient availability indices from the top soil (0-10 to -20 cm); and iv) the accuracy of soil-test-based 
crop nutrient management recommendations has not been adequately validated.  
The goal of this research is to evaluate the accuracy of the interpretation of Mehlich-3 soil-test 
results based on University of Arkansas fertilization guidelines for predicting rice and soybean yield 
responses to P and K fertilization. We also wanted to assess the influence that spatial and temporal 
variability have on the accuracy of our interpretations of the soil-test values. More specifically, for both 
rice and soybeans, our objectives are to assess 1) the accuracy of our current interpretations of STP and 
STK for predicting yield response to fertilization, 2) whether the current K-fertilizer rate 
recommendations are needed to maximize crop yield, 3) horizontal and vertical (e.g., subsoil) spatial 
variability of STP and STK within research areas and how this might influence recommendations and 
overall crop response to fertilization, and 4) how temporal variability of STP and STK from fall to 
spring can influence subsequent fertilizer recommendations.   
 The hypotheses pertaining to each objective for rice and soybean are: 
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1) Recommendations based on STK will be reasonably accurate, and the majority of soils with ‘Very 
Low’ and ‘Low’ soil-test levels will be responsive to K fertilization, because sufficient amounts of K 
from the soil may not be available to the crop for maximum yield production. 
2) Recommendations based on STP will be accurate for the Optimum and Above Optimum soil-test 
levels, but soils with ‘Very Low’ to ‘Medium’ STP will not accurately assess crop response to 
fertilization, because the Mehlich-3 soil-test may underestimate P availability. 
3) The lowest rate of K fertilizer (56 kg K ha-1) will produce maximal or near maximal rice and 
soybean yields on most K-responsive soils, because fertilizer-K rates are often based on how much 
is required to build the soil rather than maximize crop yield. 
4) Soils that have large spatial variability (large standard deviation of topsoil mean P and K) will not 
show significant yield responses to P or K fertilization, because fertilizer rates will be over or under 
estimated for maximum yield production. 
5) Soils with Medium or Optimal STP and STK levels at 0-30 or -45 cm depths will not respond 
positively to P or K fertilization, because adequate P and K will be available as the roots reach 
deeper depths.   
6) The standard deviation of the STP and K values from all samples collected across time will be larger 
than any single sample time mean, and recommendations will span at least two soil-test levels 
resulting in different interpretations of the amount of P and K needed to produce near optimal rice 
and soybean yields, mostly due to fluctuating STP and STK indices from residue nutrients leached 
by rainfall as well as freezing and thawing effects on the soil.  
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Table 1.1. Summary of published research providing correlation and calibration information for 
crop responses to soil-test P.  
Extractant Crop r2 Critical Soil-Test P† Citation 
   (mg P kg-1)  
Mehilich-1 Rice 0.83 9 Fageria et al. (1997) 
Mehlich-3‡ Rice 0.17 ND§ Slaton et al. (2006) 
Bray-1 Soybean 0.38 20 Sabbe and Mahler (1991) 
Bray-1 
Soybean 0.49 11 
Dodd and Mallarino (2005) 
Soybean 0.77 17 
Soybean 0.60 12 
Corn 0.56 13 
Corn 0.55 19 
Corn 0.35 19 
Bray-1 Corn 0.30 15 
Mallarino and Blackmer 
(1992) 
Mehilich-3 Corn 0.52 14 
Olsen Corn 0.46 6 
Mehlich-3 
Corn 0.47 32 
Mallarino (2003) Corn 0.45 21¶ 
Bray-1 Corn 0.43 20 
Bray-1 Corn NS# -- 
Heckman et al. (2006) 
Morgan Corn NS -- 
Modified-
Morgan 
Corn NS -- 
Mehlich-1 Corn NS -- 
Mehlich-3 Corn NS -- 
Bray1 Corn -- 43† 
Beegle and Oravec (1990) 
Mehlich-3 Corn -- 45† 
Mehlich-3 Wheat 0.54 19 Slaton et al. (2005) 
† Critical soil-test P as defined in the referenced publications with units of mg P kg-1 except for 
Beegle and Oravec (1990) which has units of kg ha-1. 
‡ The P concentration for all examples listing Mehlich-3 as the soil-test method were determined 
by inductively coupled plasma emission spectroscopy, unless indicated otherwise. 
§ ND, no critical concentration was given.  
¶ P concentration determined colorimetrically.  
# NS, the relationship between corn yield and soil-test P was not significant.  
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Table 1.2. Summary of published research providing correlation and calibration information for 
crop responses to soil-test K 
Extractant Crop r2 
Critical Soil-Test 
K† 
Citation 
   (mg K kg-1)  
Mehlich-3† Rice 0.63 99 
Slaton et al. (2009) 
HNO3 Rice 0.43 390 
Mehlich-3† Soybean 0.76 153 
Slaton et al. (2010) 
HNO3 Soybean 0.44 480 
NH4OAc Soybean 0.44 74 Grove et al. (1987) 
NH4OAc Soybean 0.67 68 Sabbe and Mahler (1991) 
NH4OAc 
Soybean 0.26 86‡ 
Barbagelata and Mallarino (2012) 
Soybean 0.56 64§ 
Corn 0.25 208‡ 
Corn 0.49 65§ 
Mehlich-3 Corn -- 78† 
Beegle and Oravec (1990) 
NH4OAc Corn -- 94 
† Critical soil-test K as defined in the referenced publications with units of mg K kg-1 except for 
Beegle and Oravec (1990) which has units of kg ha-1. 
‡ Extractions performed on air dried soil samples. 
§ Extractions performed on moist soil samples. 
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CHAPTER 2 
Validation of Soil-Test-Based Phosphorus and Potassium Fertilizer Recommendations for 
Irrigated Soybean 
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ABSTRACT 
 Soil testing is the best available technology for making fertilizer recommendations for 
field-grown crops, and the demand for soil-testing has increased from farmer adoption of 
precision nutrient management technologies. The primary research objectives involved 
validating the accuracy of soil-test P (STP) and K (STK) availability indices (Mehlich-3) and 
trifoliolate leaf-P and –K concentration interpretations for predicting irrigated-soybean [Glycine 
max (L.) Merr.] yield response to fertilizer-P and -K. The accuracy of soil and tissue analyses to 
predict the correct plant response to fertilization increased as the significance level moved from 
conservative to liberal (p≤0.05 to 0.25). Mehlich-3 STP in the 0-10 cm depth accurately 
identified soils that did not respond to fertilizer-P and had an overall accuracy of 40 (p≤0.05) to 
55% (p≤0.25) in predicting yield response to fertilizer-P. Existing STK interpretations were 71 
(p≤0.05) to 84% (p≤0.25) accurate. The lack of P-responsive sites prohibited evaluation of the 
critical leaf-P concentration (2.5 g P kg-1). Critical leaf-K concentrations accurately predicted 
soybean response to fertilizer-K at 48 (p≤0.05) to 62% (p≤0.25) of the sites. Interpretation errors 
were most common in the Very Low and Low STP levels, Low and Medium STK levels, and for 
the Low tissue-K level. Correlations between relative yield and leaf nutrient concentrations were 
not improved by use of availability indices from the 0-30 or -45 cm depth. The accuracy of the 
soil and tissue testing and their interpretation process were reasonably accurate for K but 
substantial improvements are needed for P. 
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INTRODUCTION 
 Soil testing is the best available technology and science for making fertilizer-P and -K 
recommendations for field-grown crops. Nearly 2.5 million soil samples, representing an average 
of 67 ha sample-1, were submitted to laboratories in North America in 2001 (Potash and 
Phosphate Institute, 2001). The number of soil samples submitted to laboratories for analysis 
increased to about 4.4 million samples in 2010 (International Plant Nutrition Institute, 2010). 
Development of soil sample collection equipment, nutrient management planning, the emphasis 
on precision nutrient management for economic, agronomic and environmental reasons (Holland 
et al., 2013), and advances in analytical instrumentation have all contributed to the adoption of 
soil testing.  Hergert et al. (1997), in a review addressing whether existing soil-test-based 
fertilizer recommendations were sufficient for precise nutrient management, summarized that the 
scientific approach of the correlation and calibration process used to interpret soil nutrient 
availability indices was sound but the development of actual recommendations was often biased 
due to low fertilizer costs and maximum agronomic yield goals while concern over or awareness 
of environmental issues was negligible. Despite the widespread use of soil testing few studies 
have validated the accuracy of fertilizer recommendations to identify nutrient responsive fields 
and supply the minimum fertilizer rates that produce maximize agronomic yield, profit, or both. 
The technology currently exists to collect soil samples and place nutrients in a spatially 
precise manner. The development and adoption of precision agriculture technologies have 
outpaced research outputs of developing more accurate soil-testing methods. Increasing nutrient 
management precision in the absence of accurate recommendations is not progress. The 
coefficient of determination (r2) of models used to correlate soybean yield response to 
fertilization with soil nutrient availability index values range from 0.38 to 0.62 for P (Sabbe and 
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Mahler, 1991; Dodd and Mallarino, 2005) and 0.26 to 0.76 for K (Grove et al. 1987; Sabbe and 
Mahler, 1991; Slaton et al., 2010; Barbagelata and Mallarino, 2012). The model r2 values show 
that soil nutrient availability indices explain only a portion of the variability in crop yield 
response to fertilization. Kuchenbuch and Buczko (2011) reported that STP and STK were the 
first and second, respectively, most important factors for predicting crop response to fertilization, 
but other soil, crop, and climate factors can be used to improve the accuracy of prediction. 
Hergert et al. (1997) summarized that site-specific nutrient management recommendations may 
need to become more diverse and include information like slope, soil series, and subsoil nutrient 
levels in addition to nutrient availability index. 
Critical STP and STK concentrations are affected by the crop, soil, extractant, and model 
used to characterize crop yield response to soil nutrient availability index (Dodd and Mallarino, 
2005; Mallarino and Atia, 2005). The literature contains examples of success and failure of P and 
K fertilization to significantly increase crop yields on soils that have P and K concentrations 
below the established critical concentration (Anderson and Bullock, 1998; Wittry and Mallarino, 
2004; Dodd and Mallarino, 2005; Mallarino and Atia, 2005; Slaton et al., 2005; Heckman et al., 
2006; Wortmann et al., 2009; Slaton et al., 2010; Kuchenbuch and Buczko, 2011; Barbagelata 
and Mallarino, 2012). The significance level at which research results are interpreted is another 
component of the correlation process that influences whether the anticipated crop yield response 
to fertilization is considered accurate or inaccurate. A review of the aforementioned literature 
shows that some sites had numerical yield differences among treatments that were considered 
statistically similar at the 0.05 level but would have been significantly different if evaluated at a 
more liberal p-value. For example, Bermudez and Mallarino (2007) showed that soybean yield 
increases to P fertilization were measured at 7 of 16 site-years having Very Low (≤ 8 mg kg-1) or 
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Low (9-15 mg kg-1) Mehlich-3 P levels when results were interpreted at the 0.05 significance 
level. However, 12 of 16 site-years would have shown significant soybean yield differences to P 
fertilization had results been interpreted at the 0.25 significance level. 
Hergert et al. (1997) pointed out that the philosophy of nutrient management may result 
in large differences in recommended fertilizer rates and profits.  Olson et al. (1987) showed that 
the more liberal N, P and K fertilizer recommendations made with the ‘build and maintain’ 
fertilization philosophy failed to increase corn (Zea mays L.) yields for research conducted at 
four research sites with 4 to 12 consecutive years of research per site. Despite calibration being a 
standard step in developing soil-test-based fertilizer rate recommendations, few published papers 
describe the relationship between the optimal fertilizer rate and STP or STK indices (Jackson et 
al., 1997; Slaton et al., 2010). The average crop yield response to fertilizer rate, independent of 
soil nutrient availability index, has been evaluated by several researchers (Mallarino and 
Blackmer, 1994; Atia and Mallarino, 2002; Dodd and Mallarino, 2005; Wortmann et al., 2009).  
The literature contains few examples of research aimed at validating the accuracy of P 
and K fertilizer recommendations provided by soil-test labs. Wortmann et al. (2009) reported no 
crop response to fertilizer-K for sites testing below the critical level, and only 4 of the 14 sites 
having suboptimal STP responded positively to P fertilization. Most of the published information 
that can be used to validate P and K fertilization recommendations was conducted to compare 
crop response to variable and uniform rate fertilization (Wittry and Mallarino, 2004; Bermudez 
and Mallarino, 2007). Our research goal was to validate the accuracy of the University of 
Arkansas’ soil-test-based fertilizer-P and -K recommendations for irrigated soybean. Specific 
objectives were to i) determine the accuracy for soybean yield response predictions made with 
existing STP and STK recommendations interpreted at different significance levels, ii) identify 
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the existing soil-test levels where interpretation errors are most common, iii) determine whether 
published critical concentrations for soybean tissue at the R2 stage accurately identify crop 
response to P and K fertilization, iv) examine the relationship between trifoliolate leaf-P and -K 
concentrations and Mehlich-3 extractable STP and STK indices, v) assess how soil samples from 
two different soil depths explain crop response to fertilization, and vi) examine how seed nutrient 
concentrations are influenced by fertilization and crop response to fertilization.  
MATERIALS AND METHODS 
SITE DESCRIPTION 
 Seventeen field experiments assessing soybean response to P and K fertilization were 
established during 2013 and 2014.  Selected agronomic and soil information for each site 
including fertilizer rates applied during the previous year is listed in Table 2.1. Sites will be 
referred to by the identification number listed in Table 2.1. Two or more preliminary, composite 
soil samples were collected from the 0-to 10-cm depth of each field in March or early April to 
assess soil pH (1:2 v:v soil: water ratio) and Mehlich-3 P and K concentrations (Helmke and 
Sparks, 1996) as determined by inductively coupled plasma atomic emission spectroscopy (ICP-
AES).  Soil samples were dried in a 55C oven for 48 to 72 h, ground to pass a 2-mm sieve, and 
a subsample of the composite was used for each procedure. Results from the preliminary soil 
samples were used to determine the University of Arkansas Division of Agriculture’ P and K 
fertilizer rate recommendations for soybean (Slaton et al., 2013).   
Individual plots measured 1.7- to 4.0-m wide and 6.4-to 9.1-m long and, depending on 
row width, contained four or more soybean rows (Table 2.1). Site-years 1, 2, 5, 6, 7, 9 and 17 
were planted into a tilled, flat seedbed and flush irrigated, and the other ten site-years were 
planted on raised beds and furrow irrigated. All site-years planted on beds were single-row 
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planted except site-year 4, which had ‘twin rows’ on each bed. After the plot boundaries were 
defined at each site, additional composite soil samples were collected from the 0-to 10-cm depth 
and the 0-to 30-cm or 0-to 45-cm depths from the plot designated to receive no P or K fertilizer 
in each replicate.  Each composite sample from the 0-to 10-cm depth consisted of five or six, 2.5-
cm diameter soil cores. The 30- or 45-cm deep composite sample consisted of soil from a single 
spot collected with a 2.5-cm diameter auger (Roberts et al., 2011).  Soils with a clayey texture 
were sampled from 0-30 cm and soils with sandy loam or silt loam texture were sampled from 0-
45 cm. These different sample depths for each texture category were selected because they 
represent the recommended soil sample depth for the alkaline-hydrolyzable N soil test used to 
predict field-specific N rates for flood-irrigated rice (Oryza sativa L.; Norman et al., 2013), 
which is the most common crop grown in rotation with soybean.  
Soil samples were processed as described previously and analyzed for soil pH and 
Mehlich-3 extractable nutrients by ICP-AES. The mean and standard deviation of the Mehlich-3 
extractable P and K concentrations and soil-test levels plus mean soil pH, organic matter, and silt 
and clay contents as determined from the final soil samples collected at plot establishment are 
listed in Table 2.2. Soil organic matter content (Schulte and Hopkins, 1996) and textural analysis 
(Gavlak et al., 2003) were determined using the 0-10 cm depth samples. The STP and STK 
levels for each mean value were interpreted based on recommendations provided by Slaton et al. 
(2013).   
SOYBEAN TREATMENTS 
 Six fertilizer treatments included different combinations of four K rates (0, 56, 112, and 
148 kg K ha-1) applied as muriate of potash (500 g K kg-1) and two P rates (0 or 32 kg P ha-1) 
applied as triple superphosphate (200 g P kg-1). Only two P rates were used because Arkansas 
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research has indicated that Mehlich-3 P is not a reliable indicator of soybean yield response to P 
fertilization (Slaton et al., 2011). Therefore, one actual P rate that should produce a yield 
response to fertilization was selected to evaluate whether recommendations could identify 
responsive from unresponsive soils. The four K rates allowed evaluation of the 
recommendation’s ability to identify responsive soils and recommend the appropriate rate. The P 
and K rates for each site were defined by the mean Mehlich-3 extractable P and K concentrations 
from the preliminary soil samples collected from the 0-to 10-cm depth (Slaton et al., 2013). For 
site-years 1, 5, 9, 14, and 17, the fertilizer rate recommendations from the preliminary soil 
samples did not match the exact recommendations for the final soil samples collected from 
specific plots at establishment.  The difference in recommendations between the preliminary 
field and final plot soil sample means was due to the ‘boundary effect’ of STK on the 
recommended K rate (Tables 2.2, 2.3, 2.4) at site-years 1, 5, 9, and 17.  The applied fertilizer-P 
and -K rates did not match the recommended rates at site-year 14, which was a precision-leveled 
field in Desha County that had appreciable spatial variation in nutrient availability indices within 
the field, but not always within the plot area.  The preliminary samples for site-year 14 
recommended fertilizer-P and the highest fertilizer-K rate, but the final samples called for neither 
P nor K fertilizer. 
The preliminary soil-test results determined the overall treatment structure for each site-
year and followed the logic of i) recommended P rate plus 0 kg K ha-1, ii) recommended P rate 
plus 56 kg K ha-1, iii) recommended P rate plus 112 kg K ha-1, iv) recommended P rate plus 148 
kg K ha-1, v) alternate P rate plus the recommended K rate, and vi) no P or K.  All fertilizers 
were applied to the soil surface (e.g., no incorporation other than from disturbance caused by 
planting) within 3 d of planting. Trials located in St. Francis County were fertilized with 1 kg B 
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ha-1 to prevent B deficiency (Table 2.1).  Soybean at each site-year was established and managed 
by closely following University of Arkansas Cooperative Extension Service suggested guidelines 
for seeding rate, pest control and irrigation (University of Arkansas, 2000).  
SOYBEAN MEASUREMENTS 
 At the R2 growth stage, a recently matured trifoliolate leaf from one of the top three 
nodes was taken from twelve plants in each plot to assess soybean nutritional status. Trifoliolate 
leaf samples were placed in paper bags, oven dried to a constant moisture at 60°C, ground to 
pass a 2-mm sieve, digested in concentrated HNO3 and 30% H2O2 (Jones and Case, 1990), and 
the nutrient concentrations were determined by ICP-AES. At maturity, 9 to 14 m2 of soybean 
from the interior rows of each plot was harvested with a small-plot combine.  The harvested 
grain was analyzed for moisture content, weighed, and yields were calculated after adjustment to 
a uniform moisture of 130 g H2O kg
-1. A 500 g subsample of harvested soybean seed was 
collected, thoroughly mixed, and a 50 g sample was saved. The seeds were oven dried to a 
constant moisture at 60°C for 3 d, ground in a coffee bean grinder, and a 0.25 g subsample was 
digested for nutrient analysis as described previously. 
STATISTICAL ANALYSIS 
 Each site-year contained six treatments arranged as a randomized complete block design 
and generally contained six blocks. The exceptions were site-years 5 and 9, which contained 
three (due to poor stand in three replicates) and ten (extra space was available) blocks, 
respectively. Analysis of variance was conducted by site-year with the MIXED procedure in 
SAS v9.2 (SAS Institute, Inc., Cary, NC).  The ANOVA for grain yield was performed using 
single-degree-of-freedom contrast statements to make comparisons between specific treatments. 
Five comparisons were examined to evaluate the accuracy of the soil-test correlation including 
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yield response to i) fertilizer-P only (no fertilizer-K applied) compared to no P or K fertilizer, ii) 
fertilizer-K only (no fertilizer-P applied) compared to no P or K fertilizer, iii) the recommended 
fertilizer-P and -K rates compared to no P or K fertilizer, iv) fertilizer-P (recommended fertilizer-
K rate applied) compared to no P (recommended fertilizer-K applied), and v) fertilizer-K 
(recommended fertilizer-P applied) compared to no K (recommended fertilizer-P applied).  
Every comparison was not always possible at every site-year due to the treatment structure 
(Appendix 2.2). Each comparison was performed at three levels of significance, p ≤ 0.05, 0.10, 
and 0.25, to evaluate how the soil-test interpretation accuracy was affected when the evaluation 
of the data moved from a conservative (0.05) to liberal (0.25) assessment. For site-years that 
responded positively to K fertilization, grain yield and leaf- and seed-K concentration responses 
were evaluated at the same three significance levels using single-degree-of-freedom contrast 
statements comparing no-K (0 kg K ha-1) vs the mean response to K (56, 112, and 148 kg K ha-1) 
when the recommended fertilizer-P was applied. Linear response trends were used to evaluate 
the incremental response of yield and leaf- and seed-K to the four K rates. Leaf- and seed-P 
concentration responses were also evaluated using single-degree-of-freedom contrast statements 
comparing no-P (0 kg P ha-1) treatments with treatments that received P (32 kg P ha-1) when the 
recommended fertilizer-K was applied. The CORR procedure was used to evaluate potential 
relationships among soil and plant measurement means. 
 Our statistical hypotheses for testing were that soils with Very Low, Low, and Medium 
soil-test nutrient levels (Table 2.3) should show positive yield increases to fertilization with that 
nutrient and soils with Optimum or Above Optimum soil-test levels would not respond positively 
or negatively to fertilization with that nutrient. The Medium soil-test level contains the critical 
soil-test concentration and generally receives a nominal fertilizer rate recommendation to 
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compensate for the influence of spatial and temporal variability in soil-test concentrations, error 
associated with the predicted critical concentration, and to prevent rapid decline of soil fertility 
on poorly buffered soils. Within the Medium level, the magnitude and frequency of yield 
increases from fertilization are expected to be lower than on soils that have Very Low or Low 
levels. Thus, the error frequency is expected to be greatest within the Medium level. When the 
crop yield response agreed with the soil-test prediction, the outcome was defined as ‘Correct’. 
Responses that disagreed with the soil-test prediction were defined as ‘Incorrect’.  ‘Incorrect’ 
responses occur when the soil-test interpretation suggests the crop should respond positively to 
fertilization (Very Low, Low, or Medium soil-test levels), but is unresponsive or responds 
negatively to fertilization. ‘Incorrect’ responses also occur when the soil-test interpretation 
suggests that the crop yield should be unaffected by fertilization (Optimal or Above Optimal 
soil-test levels), but crop yield responds positively or negatively to fertilization. Although a 
‘Negative’ response is not anticipated from fertilization, it cannot be ignored since fertilization 
may influence soil salinity, lodging, and days to maturity, which could reduce crop yield.  
 Our statistical hypotheses for tissue analysis were based on a critical P concentration of 
2.5 g P kg-1 dividing tissue P into Sufficient and Deficient levels (Mills and Jones, 1996). The 
three levels of Deficient (<15 g K kg-1), Low (15.0-18.9 g K kg-1) and Sufficient (≥19.0 g K kg-1) 
as recommended by Slaton et al. (2010) were used to assess the accuracy of trifoliolate leaf-K 
concentration at the R2 stage. Yield increases were expected when tissue was Deficient and no 
benefit was expected when tissue was Sufficient. The accuracy of yield response predictions for 
Low tissue K concentrations was expected to be lower than for Sufficient or Deficient levels.     
The overall accuracy of soil- and leaf- analysis recommendations was determined by 
summarizing the individual site responses for each soil-test level.  The accuracy of soil-test 
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predictions on soybean responsiveness to fertilization is presented as a weighted mean for each 
soil-test level and by considering the distribution of soybean hectares specific within each soil-
test level as determined using a recent soil-test summary. DeLong et al. (2015) reported that 12, 
26, 24, 22, and 16% of the soil sampled hectares for P and 7, 26, 32, 15, and 20% of the soil 
sampled hectares for K in Arkansas tested in the Very Low, Low, Medium, Optimum, and 
Above Optimum soil-test categories, respectively.  
RESULTS AND DISCUSSION 
 Fertilizer was applied to only one site-year (11) the year before our research was 
established (Table 2.1). The residual effects of prior fertilizer-P and -K applications can effect 
crop yield for several years after application (Randall et al., 1997), but the lack of prior year 
fertilization with P and K at the other 16 site-years minimized the residual effect of prior year 
fertilizer applications (Allen and Mallarino, 2006). Mean STP and K value availability indices 
ranged from 8 to 118 mg P kg-1 and 60 to 353 mg K kg-1 for the 0-10 cm depth and 3 to 71 mg P 
kg-1 and 50 to 397 mg K kg-1 for the 0-30 or 0-45 cm depth, respectively (Table 2.2). Nutrient 
stratification in the soil is usually expected, as the concentrations of P and K in the topsoil are 
usually greatest in the surface and decline with increasing soil depth, especially below the depth 
of tillage (Childs and Jencks, 1967; Eckert, 1994; Page et al., 2005). Soil-test P and K 
concentration means from the 0-30 or 0-45 cm soil depths were numerically lower than the 0-10 
cm sample depth at all site-years except site-year 16 for P and site-years 10, 12, 13, 14, 15, and 
16 for K.  
 The general trends for the replicate data of the 0-10 cm samples regressed against the 0-
30 and 0-45 cm samples are shown in Fig. 2.1. The linear relationship shows that STP 
concentration is consistently lower in the 0-30 and 0-45 cm depths with a slope that is less than 
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1.0. The regression for STK shows somewhat different trends. The majority of the sites had 
lower STK in the deep samples compared to the 0-10 cm depth which suggests that soils with 
low STK subsoil K concentrations in the 0-10 cm depth also have low subsoil K concentrations, 
and subsoil K may not be a substantial source of K on soils with suboptimal topsoil K levels. 
Some site-years (10, 12, 13, 14, 15, and 16) had greater STK in the deep samples resulting in a 
slope greater than 1.0. The trend line crosses the 1:1 reference line well within the Above 
Optimum STK category (200 mg K kg-1). This shows that even though some soils may have a 
greater subsoil K indices, the higher K availability would have minimal effect on the accuracy of 
the soil-test interpretation since the Above Optimum level is considered unresponsive. Among 
the site-years with loamy soils, only site-years 9, 12, and 14 had subsoil K concentrations that 
were greater than the 0-10 cm K concentrations.  Site-years 12 and 14 were adjacent fields in 
different years, both had been precision leveled, and both had the greatest clay contents of the 
fields where 0-45 cm deep samples were collected. 
SOYBEAN YIELD RESPONSE AND SOIL-TEST INTERPRETATION 
 Fertilizer recommendations called for both P and K at eight (of 17) site-years, no P or K 
at five site-years, P only at three site-years, and K only at one site-year (Table 2.4). The 
recommended fertilizer-P and -K rates and how the crop responded (compared to no fertilizer P 
or K) to the recommended fertilization are listed for each site-year in Table 2.4. The yield 
response attributed to P fertilization at the three site-years (14, 15, and 16) having Very Low to 
Medium STP and Optimal STK showed that the significance level influenced the interpretation. 
Interpretation of yield results at the 0.05 significance level indicated there was no yield benefit or 
detriment from P fertilization at any of the three site-years. There was no yield response (p > 
0.25) to P fertilization at site-years 15 and 16, but P fertilization resulted in a 2.7% yield increase 
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(p ≤ 0.10) at site-year 14. Site-year 17 was the lone site to have a recommendation for only 
fertilizer-K (Table 2.4). The recommended fertilizer-K rate produced a 5.5% yield increase (p ≤ 
0.05) compared to soybean receiving no P or K.   
 Five sites-years (9, 10, 11, 12, and 13) had Optimum or Above Optimum STP and K 
levels and no soybean yield benefit was expected from the addition of fertilizer-P or -K (Table 
2.2). None of the five site-years responded positively (p ≥ 0.25) to P fertilization (Table 2.4). 
Site-year 12 responded negatively (5.8% yield reduction, p < 0.25) to fertilizer-P and positively 
(8.4% yield increase, p ≤ 0.05) to 56 kg K ha-1. A significant (p ≤ 0.10) soybean yield increase of 
2.2% to 56 kg K ha-1 was also measured at site-year 10, but, as expected, the other three site-
years did not respond to the lowest fertilizer-K rate.  
 Soybean at five (1, 2, 4, 5, and 8) of the eight site-years (1-8) that received a 
recommendation for both fertilizer-P and -K exhibited yield increases from the recommended 
fertilization rate when results were interpreted as significant at the 0.10 level (Table 2.4). The 
mean yield increase from the recommended fertilization at each of the five responsive site-years 
ranged from 271 to 948 kg ha-1.  The number of site-years having statistically significant yield 
increases from fertilization declined to four (1, 4, 5, and 8) when results were interpreted at the 
0.05 significance level. As expected, the overall mean yield increase declined slightly from 575 
kg ha-1 (16.0%, n = 4) to 514 kg ha-1 (14.7%, n = 5) when the significance level increased from 
0.05 to 0.10. Three site-years (3, 6, and 7) with STP and STK levels interpreted as suboptimal 
showed no response to the recommended fertilization with non-significant yield differences 
ranging from -161 to 168 kg ha-1. The recommended fertilization resulted in significant yield 
increases at 50 to 63% of the eight site-years. These comparisons do not indicate whether the 
yield increase was attributed to fertilization with P, K, or both nutrients.  
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 Only two (2 and 6) of the eight site-years receiving a recommendation for P and K 
showed a significant (p ≤ 0.25) yield response to P fertilization when no fertilizer-K was applied 
(P Only, Table 2.4).  Fertilizer-P increased soybean yields by 8.3% at site-year 2 and 6.7% at 
site-year 6, but only when interpreted as significant at the 0.25 level. Among the eight site-years 
receiving a recommendation for both fertilizer-P and K, the soybean yield response that could be 
attributed directly to K fertilization (K Only) was affected by the significance level at which 
results were interpreted with significant differences occurring at four (p ≤ 0.05) or five (p ≤  
0.25) site-years (Table 2.4). Soybean yields at site-years 3 and 7 showed no response to the 
recommended P, K, or P and K fertilizer rates. Soybean yield at site-year 2 responded positively 
to each nutrient applied alone and in combination.  The significant yield increase from the 
recommended fertilization at the other four responsive site-years (1, 4, 5, and 8) was attributed 
directly to fertilizer-K.  Jones et al. (1977) reported that soybean was more responsive to K than 
to P and that the application of one of these nutrients influenced plant yield response to the other.  
 The correlation between soil-nutrient-availability index and crop yield response to 
fertilization is usually performed for single nutrients with all other nutrients supplied at rates that 
ensure the other nutrients are not yield limiting. The soybean yield response attributed to 
fertilizer-P compared at the recommended fertilizer-K rate showed that P fertilization had no 
effect on soybean yield when significance was evaluated at the 0.05 level (Table 2.5). However, 
at the 0.10 level, fertilizer-P increased soybean yield 2.7% in the presence of optimal K nutrition 
at site-year 14 (Table 2.5). At the 0.25 significance level, the addition of 32 kg P ha-1 decreased 
soybean yields 5.0 to 5.8% at site-years 2, 8, and 12 and had no effect on soybean yield at the 
other 13 site-years. These results indicate that the significance level used for result interpretation 
is important and that fertilizer-P was seldom needed to produce optimal soybean yields in the 
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fields involved in this research. The application of fertilizer-P failed to increase yield at ten of 
the eleven site-years that had STP ≤ 35 mg P kg-1 (Very Low to Medium, Tables 2.2 and 2.5) 
indicating the need for new STP level definitions, a soil-P testing method that better represents 
plant available P, or both.  The literature contains only a few correlations between soybean yield 
and STP with most models explaining low to moderate amounts (r2 = 0.30-0.60) of variability in 
relative yield with datasets that include multiple site-years and soils (Sabbe and Mahler, 1991; 
Dodd and Mallarino; 2005; Slaton et al., 2011). Weak or no significant correlations between STP 
indices and relative crop yield have been reported for several crops (Heckman et al., 2006; 
Slaton et al., 2006). 
 A soybean yield response to fertilizer-K when fertilizer-P was applied or soil-P 
availability was considered optimal occurred at either three (p ≤ 0.05; site-years 1, 5, and 17) or 
eight (p ≤ 0.25; 1, 2, 4, 5, 7, 8, 12, and 17) of the 17 site-years (Table 2.6). Soybean yields at 
seven (1, 2, 4, 5, 7, 8, and 17) of the nine site-years receiving a fertilizer-K recommendation 
responded positively (p ≤ 0.25) to K but the number of responsive site-years depended on the 
significance level used to evaluate the results. One site-year (12) that did not receive a fertilizer-
K recommendation responded positively (p ≤ 0.10) to fertilizer-K.  
   The recommended fertilizer-P or K rates (Table 2.4) resulted in the correct yield 
response at 9 (p ≤ 0.05) or 10 (p ≤ 0.25) of the 17 site-years when each field was allocated into a 
general response category (Correct or Incorrect, Table 2.7). When the number of site-years in 
each of the categories was equally weighted, the fertilizer recommendation accurately predicted 
the expected response at 58% (p ≤ 0.05) to 64% (p ≤ 0.10 to 0.25) of the site-years. The slight 
increase in accuracy as the significance level increased was the result of more yield increases at 
site-years that were expected to be responsive, but some of the error in accuracy was also 
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negated by small yield differences (increases or decreases) being categorized as significant at 
site-years where no yield response to fertilization was expected (Table 2.4). The greatest error 
and lowest accuracy occurred at site-years where P, K, or P and K were recommended and the 
fewest errors occurred when fertilizer was not recommended. A more detailed analysis of 
soybean response to fertilization with each individual nutrient is required to better understand the 
errors.  
 The ‘P response’ evaluation (with optimal K availability) in Table 2.7 shows that the 
accuracy of soil-test-based, fertilizer-P recommendations was influenced by the level of 
significance used to interpret trial results. The accuracy of existing recommendations to predict 
the yield response to fertilizer-P increased from 40% to 60% as the significance level increased 
from 0.05 to 0.10 and 0.25, respectively.  At the 0.05 level, current recommendations correctly 
identified fields that required no fertilizer-P (Mehlich-3 P >35 mg P kg-1) to produce near 
maximal yield.  Overall, P recommendations for soils currently identified as having below 
optimal P availability were 0% accurate at the 0.05 significance level and 33% accurate at the 
0.10 and 0.25 levels when all three sub-optimal soil-test levels were equally weighted. These 
results question the ability of the Mehlich-3 extractant to identify soils where irrigated soybean 
requires fertilizer-P and highlights the need to periodically validate recommendations and make 
appropriate adjustments to critical concentrations that trigger fertilizer recommendations. 
Alternatively, it is possible that the fertilizer-P rate was too low since Sabbe and Mahler (1991) 
pointed out that obtaining significant soybean yield responses to fertilizer-P required application 
of >44 kg P ha-1. As pointed out by Hergert et al. (1997), the ability of a soil-test to identify soils 
that undoubtedly do not need fertilizer to produce near maximal yield is an important component 
of soil testing. Thus, with an appropriate critical concentration, Mehlich-3 P may be a good 
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indicator of soils that do not require fertilizer-P to produce near maximal soybean yield.  
 The current fertilizer-K recommendations accurately predicted soybean yield ‘K 
response’ (with optimal P availability) at 11 (p ≤ 0.05 and 0.10) or 14 (p ≤ 0.25) of the 17 site-
years (Table 2.7). When equally weighted across the five STK levels, the existing 
recommendation structure accurately predicted soybean response to K fertilization at 71, 72, and 
84% of the site-years with the accuracy increasing as the significance level used became more 
liberal.  The existing recommendations accurately predicted the yield response to fertilizer-K at 
all sites having Optimum and Above Optimum K availability at the 0.05 level, but smaller yield 
increases became statistically significant when results were interpreted at p ≤ 0.10 and 0.25. For 
site-years having below-optimal STK (Very Low, Low, and Medium K levels), the accuracy of 
predicting a yield increase from fertilizer-K was 51% for p ≤ 0.05, 62% for p ≤ 0.10, and 82% 
for p ≤ 0.25. As the significance level to interpret the results increased, the number of responsive 
sites also increased.  Thus, as the statistical interpretation became more liberal the error changed 
from overestimating soil-K availability for sites having Low and Medium levels to 
underestimating soil-K availability in the Optimum level. Although the accuracy of soil-test-
based recommendations can be influenced for a number of factors (spatial, temporal, laboratory 
instrumentation variations, etc...), the procedures used in soil analysis can play an important role. 
For example, Barbageleta and Mallarino (2012) reported that oven-drying soil influenced the 
amount of K extracted from Iowa soils and was less accurate in predicting yield response to 
fertilization than extraction of field-moist soil.  The concepts of soil-test correlation are that i) 
soils with the lowest availability index should consistently respond to fertilization and ii) the 
magnitude and frequency of positive yield response to fertilization should both decline as 
nutrient availability increases. When evaluated at the 0.25 significance level both concepts are 
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illustrated in the validation trial results for K extracted from oven-dry soil using the Mehlich-3 
solution.  
 The above analysis focused on the overall and individual soil-test level accuracy of 
correctly predicting soybean response to P and K fertilization, but ignores the fact that the land 
area cropped to soybean is not equally weighted among the five soil-test levels. Using the 
soybean-specific land area distribution represented by each STP and STK level in Arkansas 
(DeLong et al., 2015) the existing recommendations accurately predicted the need for P 
fertilization on 38 (p ≤ 0.05), 62 (p ≤ 0.10), and 58 (p ≤ 0.25) % of the soybean area and K 
fertilization on 58 (p ≤ 0.05) 64 (p ≤ 0.10), and 80 (p ≤ 0.25) % of the soybean hectares (Table 
2.8).   
POTASSIUM RATE CALIBRATION 
 The second question that soil-test-based nutrient recommendations must answer is 
whether the recommended nutrient rate is properly calibrated to the soil-nutrient-availability 
index. The general concept of soil-testing is that the amount of fertilizer nutrient required to 
maximize crop yield should decrease as soil-nutrient-availability index increases until the critical 
point is reached and supplemental fertilizer is not needed. Evaluating the fertilizer-P rate 
response was not an objective since the results of recent P-rate response trials in Arkansas have 
suggested that Mehlich-3 P is not a good predictor of soil-P availability for irrigated soybean 
(Slaton et al., 2011).  
 Four fertilizer-K rates were applied at each site to evaluate the accuracy of the 
recommended fertilizer-K rate. The trend for grain yield response to fertilizer-K rate was positive 
and linear (Table 2.6) at all K-responsive fields except site-years 4 (quadratic, p = 0.32]), 8 
(quadratic, p = 0.07), and 12 (quadratic, p = 0.15).  Based on the multiple regression equation 
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reported by Slaton et al. (2010) and the mean STK for each field (Table 2.2), the specific 
fertilizer-K rate predicted to produce 95% relative yield for each of the eight responsive site-
years would have been 83, 75, 89, 115, 97, 102, 0, and 72 kg K ha-1 for site-years 1, 2, 4, 5, 7, 8, 
12, and 17, respectively. The minimum fertilizer-K rate needed to maximize yield interpreted at 
p ≤ 0.25 was 56 kg K ha-1 for site-years 1, 8 and 12; 112 kg K ha-1 for site-years 2, 4, 5, and 7; 
and 148 kg K ha-1 for site-year 17. Statistically significant (p ≤ 0.05) yield increases from 
fertilizer-K rates greater than 56 kg K ha-1 were produced only at site-years 2, 4, and 5 (not 
shown). The mean percent yield increase produced by application of 56, 112, and 148 kg ha-1 
was 7.1, 11.0, and 10.0%, respectively. The yield increase from 56 kg K ha-1 for each individual 
site-year accounted for 8 (site-year 2) to 69% (site-year 1) of the maximum yield increase from 
fertilizer-K, whereas application of 112 kg K ha-1 accounted for 86 to 100% of the yield increase. 
The highest numerical yield of the two site-years (8 and 12) showing a quadratic trend was 
produced by 56 kg K ha-1.  
 The minimum fertilizer-K rate needed to maximize yield was not significantly (p>0.25) 
correlated with Mehlich-3 extractable K in the 0-10 (r = 0.12, p = 0.65) or 0-30 or 45 cm (r = 
0.15, p = 0.58) depths and was weakly correlated with relative yield of soybean receiving no K (r 
= 0.33, p = 0.20). Overall, the results suggest that Mehlich-3 extractable K from oven-dried soil 
can predict with reasonable accuracy where fertilizer-K must be applied to maximize agronomic 
yield, but the relationship between STK indices and the optimal fertilizer-K rate needed to 
maximize yield is weak.  Additional research showing relationships, whether they are significant 
or not, should be published to support or refute the ability of K availability indices to accurately 
predict the optimal fertilizer-K rate. Application of moderate to high fertilizer-K rates in most 
fields having Low or Very Low STK levels is primarily for increasing STK and not for 
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significantly increasing soybean yields. 
 Mallarino et al. (1991a, b) showed that economic returns from K fertilization are 
common when soils had <100 mg K kg-1, but were negative for soils with optimal K availability. 
The different responses to fertilizer-K rate among the responsive site-years having different STK 
indices suggest that the recommended fertilizer-K rate was not always the optimal rate needed to 
produce near maximal yield, but the likelihood of maximizing yield increased as the applied 
fertilizer-K rate increased. The strengths and weaknesses of the two predominate fertilization 
philosophies, ‘sufficiency’ and ‘build and maintain’ (Olsen et al., 1987), can be seen in our 
results. Sufficiency-based recommendations apply the minimum fertilizer rate needed to 
maximize yield, which may maximize economic returns per unit of applied fertilizer (Mallarino 
et al., 1991a), but has the risk of failing to maximize yield.  In contrast, the ‘build and maintain’ 
approach may recommend more fertilizer than is needed to produce maximal yield and reduce 
economic returns (Mallarino et al., 1991a; 1991b).  Fixen and Reetz (1995) recommended that P 
and K fertilization programs should be economically evaluated from a long-term perspective to 
best benefit the farmer. Our results plus information in the literature provide evidence that 
fertilizer-K recommendations based on a ‘fertilize-the-crop’ philosophy should reduce fertilizer 
cost and maintain near maximum soybean yields.  An economic analysis of short- and long-term 
data is warranted since a large proportion of farmland is leased. 
TRIFOLIOLATE NUTRIENT CONCENTRATION AND SOIL NUTRIENT AVAILABILITY 
  Munson and Nelson (1990) provide an excellent review of the literature involving 
plant tissue analysis in regards to critical concentrations and yield. However, we could find no 
literature showing the accuracy of plant tissue analysis for identifying soybean yield responses to 
fertilization. Validating the published critical nutrient concentrations is important because tissue 
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analysis has become a routine part of many farmer service programs in the USA (Munson and 
Nelson, 1990; Clover and Mallarino, 2013).  Although we did not examine soybean response to 
in-season fertilization, the collected data can be used to examine whether trifoliolate leaf P and K 
concentrations at the R2 stage correctly identified the crop response to preplant-applied P or K.  
The addition of 32 kg P ha-1 increased trifoliolate-leaf P concentration (compared to 0 kg 
P ha-1) at two (p ≤ 0.05, site-years 5 and 17) to four (p ≤ 0.10 and 0.25, site-years 2, 5, 11 and 17) 
of the 17 site-years (Table 2.5). The critical trifoliolate-leaf P concentration used to identify P 
sufficiency at the R1-R2 stage is reported to be 2.5 g P kg-1 (Mills and Jones 1996).  Based on 
trifoliolate leaves from plants receiving the recommended K rate but no fertilizer-P, soybean at 
16 site-years had sufficient leaf-P concentrations and only one site-year (6) was expected to 
respond positively to fertilizer-P (Table 2.9). Site-year 14, which was the only site-year that yield 
responded positively to fertilizer-P (p ≤ 0.25), had a mean leaf-P concentration of 3.39 g P kg-1 
that was not affected by fertilizer-P rate (Table 2.5). The three site-years (2, 8 and 12) that 
showed a negative response to fertilizer-P had sufficient, but not abnormally high, leaf-P 
concentrations. Our trials (Table 2.9) lack P-responsive site-years, which prohibits full 
evaluation of the utility of trifoliolate-leaf P concentrations to predict responsiveness to preplant-
applied fertilizer-P.  
We suggest that a growth stage during early or mid-vegetative growth might be better 
able to diagnose P deficiency in soybean. The literature contains scant information on the 
relationships between soybean yield and plant tissue concentrations at different growth stages.  
Sabbe and Mahler (1991) reported no correlation between trifoliolate leaf-P at the V8 or R2 
stages with Bray-1 P or relative yield across multiple site-years. Likewise, Stammer and 
Mallarino (2004) could not establish a critical tissue-P concentrations for whole aboveground 
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plants or trifoliolate leaf samples taken at the V6 or R2-R3 growth stages, in relation to yield.  
Atia and Mallarino (2002) did report a significant correlation between relative P uptake by 
soybean at the V5-V6 stage and commonly used STP methods. Miller et al. (1961) had relatively 
strong relationships between soybean P and K concentrations and yield at the R3-4 stage which 
showed promise that leaf P and K concentrations during early to mid-reproductive growth are 
indeed meaningful. However, the conclusions of Miller et al. (1961) were based on a single site-
year of research.  
Trifoliolate-leaf K concentrations at the R2 stage were interpreted using three categories 
including Deficient (<15.0 g K kg-1), Low (15.0-18.9 g K kg-1), and Sufficient (≥19.0 g K kg-1). 
For soybean receiving the recommended P rate and no fertilizer-K, trifoliolate leaf-K (Table 2.6) 
was classified as Deficient at six site-years (2, 5, 6, 7, 8 and 9), Low at seven site-years (1, 3, 4, 
10, 11, 16, and 17), and Sufficient (12-15) at four site-years (Table 2.9). Significant yield 
increases from fertilizer-K occurred at three (p ≤ 0.05 and 0.10) to eight (p ≤ 0.25) of the 17 site-
years (Table 2.6). Trifoliolate leaf-K concentrations for site-years having Sufficient leaf-K 
concentrations were 75 (p ≤ 0.10 to 0.25) to 100% (p ≤ 0.05) accurate in predicting soybean 
yield response to fertilizer-K (Table 2.9). The Deficient leaf-K concentration range accurately 
predicted soybean yield response to fertilizer-K in 17% of the site-years at p ≤ 0.05, 33% at p ≤ 
0.10, and 67% of the site-years at p ≤ 0.25. Yields of soybean having Low leaf-K concentrations 
were increased by fertilizer-K in 29% (p ≤ 0.05 to 0.10) and 43% (p ≤ 0.25) of the site-years. 
The overall accuracy of predicting soybean yield response to K fertilization changed from 48 to 
62% as the significance level increased from 0.05 to ≤ 0.25 (Table 2.9). These results are 
encouraging for K, especially since a number of other factors (e.g., disease, insects, temperature, 
moisture excess or deficit, etc…) can influence soybean yields after the R1-R2 growth stage and 
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since the Sufficient and Deficient categories were each 67 to 75% accurate at p ≤ 0.25.  
Leaf-K concentration was not changed by fertilizer-K application at five of the 17 site-
years, regardless of significance level (Table 2.6). Six (11, 12, 13, 14, 15, and 16) of the eight 
site-years that had Optimum or Above Optimum STK levels (Table 2.2) also had among the 
greatest numerical leaf-K concentrations of the 17 site-years. Trifoliolate-leaf K concentration 
increased linearly (p ≤ 0.05) as fertilizer-K rate increased at all nine site-years where fertilizer-K 
was recommended and at two of the eight site-years (12 and 13) that received a recommendation 
for no fertilizer-K (Table 2.6). Yin and Vyn (2004) and Clover and Mallarino (2013) also 
showed frequent and significant leaf-K concentration increases as fertilizer-K rate increased.   
Leaf-K concentrations were positively and weakly correlated with relative soybean yield 
(r = 0.37, p = 0.15) and actual yield (r = 0.47, p = 0.06) of soybean receiving no-K fertilizer. 
Trifoliolate leaf-K concentrations showed the strongest relationships with Mehlich-3 extractable 
K in the 0-10 (r = 0.61, p = 0.009) and 0-30 or 45 cm depths (r = 0.58, p = 0.01).   In contrast, 
leaf-P concentration was not significantly (p >0.25) correlated with any soil or plant 
measurements.  
SEED NUTRIENT CONCENTRATION AND SOIL NUTRIENT AVAILABILITY 
 Seed-P concentrations ranged from 3.98 to 5.73 g P kg-1 and were increased by fertilizer-
P application at four (p ≤ 0.05, µ increase = 0.24 g P kg-1), five (p ≤ 0.10, µ increase = 0.22 g P 
kg-1), or seven (p ≤ 0.25, µ increase = 0.20 g P kg-1) site-years (Table 2.5). Of the seven site-
years (1, 2, 6, 8, 13, 14, and 15) with significant differences, fertilizer-P was recommended at six 
site-years (1, 2, 6, 8, 14, and 15). Seed-P concentration of soybean receiving no fertilizer-P was 
not correlated with Mehlich-3 STP (r = 0.24, p = 0.35), grain yield (r = 0.12, p = 0.63) or leaf-P 
concentration (r = 0.29, p = 0.26) across the 17 site-years and appeared to be independent of the 
44 
 
yield response to fertilizer-P. Jones et al. (1977) reported that the application of fertilizer-K 
tended to suppress leaf- and seed-P concentrations and that seed-P concentrations at maturity and 
leaf-P concentrations from mid-vegetative growth to the early pod formation stage were highly 
correlated. 
Seed-K concentrations of soybean receiving no fertilizer-K ranged from 13.61 to 19.07 g 
K kg-1 and were affected by fertilizer-K at eight (p ≤ 0.05 and 0.10) to twelve (p ≤ 0.25) of the 17 
site-years (Table 2.6).  The trend across fertilizer-K rates was linear at eight (p ≤ 0.05 and 0.10), 
or ten (p ≤ 0.25) site-years. Seed-K concentration at site-year 15 decreased linearly as fertilizer-
K rate increased and site-year 12 also showed a similar trend that was not significant. Seed-K 
concentration of soybean receiving no fertilizer-K was not significantly correlated with actual 
yield (r = 0.14, p = 0.58).  Seed-K concentration was not affected by fertilizer-K rate at five site-
years (4, 10, 11, 12, and 16) of which only site-year 4 had suboptimal STK (Table 2.2). The leaf- 
and seed-K concentrations were increased by fertilizer-K at every site-year (1, 2, 5, 7, 8 and 17) 
that showed a positive (p ≤ 0.25) yield response to fertilizer-K, with the exception of site-years 4 
and 12 where only leaf-K concentrations were increased (Table 2.6).  
Mean seed-K concentration was positively correlated with leaf-K concentration (r = 0.54, 
p = 0.03), 0-10 cm Mehlich-3 STK (r = 0.36, p = 0.15), and relative yield (r = 0.38, p = 0.13) 
means suggesting that soybean with high leaf-K concentrations produce seed with relatively high 
K concentrations. Similarly, soybean grown on soils with low K availability tend to produce seed 
with low K concentrations and frequently respond positively to fertilizer-K. The literature 
contains numerous reports of K fertilization increasing soybean seed-K concentration (Jones et 
al., 1977; Yin and Vyn, 2004; Clover and Mallarino, 2013; Krueger et al., 2013; Slaton et al., 
2013; Parvej et al., 2015). Jones et al. (1977) and Yin and Vyn (2004) both reported significant 
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and positive relationships between leaf- and seed-K concentrations, but there is no established 
relationship between relative soybean yield and seed-K concentration. Clover and Mallarino 
(2013) reported that increasing fertilizer-K rate increased soybean seed-K concentration in ten of 
20 site-years but yield increases to fertilizer-K rate occurred at only five of the sites. Slaton et al. 
(2013) showed fertilization with poultry litter or equivalent fertilizer-P and K rates frequently 
increased seed-P and K concentrations and yield. The literature shows a clear trend for 
significant yield increases to occur in fields where fertilizer-K increases seed-K concentration 
and soybean yield is seldom affected by fertilizer-K when seed-K is not affected by fertilizer-K. 
The positive correlation between mean seed-K and leaf-K concentrations across our 17 site-years 
and the positive, linear trend for seed-K concentration to increase as fertilizer-K rate increases, 
supports the aforementioned research that growing soybean with more available K than is needed 
to optimize seed yield may result in luxury K accumulation in the seed and increase the K-
removal rate.  
SUMMARY 
The primary objectives of our research were to validate the accuracy of existing i) soil-
test-based fertilizer-P and -K rates for irrigated soybean production and ii) published trifoliolate 
leaf P and K critical concentrations at the R2 growth stage to predict soybean response to 
preplant fertilization.  Mehlich-3 extractable P concentrations currently interpreted as Optimal or 
Above Optimal (>35 mg P kg-1) were highly accurate (100%) for identifying soils that did not 
require fertilizer-P, but suboptimal (≤35 mg P kg-1) STP levels were poor indicators (0 to 33%) 
of identifying P-responsive soils.  The overall accuracy of soil-test-based, fertilizer-P 
recommendations was influenced by the significance level used to interpret the results with 
accuracy being lowest (40%) at the 0.05 level and greatest (60%) at the 0.10 level.  Based on the 
46 
 
STP distribution of Arkansas soybean fields, the current fertilizer-P recommendations accurately 
predicted soybean response to fertilizer-P on 38 (p ≤ 0.05) to 62% (p ≤ 0.10) of the production 
area. The boundaries of existing STP levels need to be redefined to reduce the false positive 
errors.  Soils having 8 to 118 mg Mehlich-3 P kg-1 were largely unresponsive to 32 kg P ha-1 
which agrees with the vast majority of prior research in Arkansas (Slaton et al., 2011) and 
accuracy would be greatest if fertilizer-P were not recommended for soils having Mehlich-3 
extractable P values ≥8 mg P kg-1. Alternatively, redefining STP levels with ≤8 mg P kg-1 as 
Very Low, 9-16 mg P kg-1 as Low, 16-25 mg P kg-1 as Medium, and ≥26 mg P kg-1 as Optimum 
would reduce false positive errors. Soil samples from the 0 to 30-45 cm depths failed to improve 
the relationships involving plant nutrient concentrations and relative yield. 
The lack of P-responsive soils in our research prevents us from making conclusions on 
the suitability of the published critical trifoliolate leaf-P concentration (2.5 g P kg-1) at the R2 
growth stage. The lack of a significant correlation between Mehlich-3 STP and leaf- or seed-P 
concentration indicates additional research is needed to define critical leaf-P concentrations, 
growth stages, and plant tissues that can identify P-deficiency of soybean and caution should be 
used when using tissue P concentration to diagnose plant P nutrition.  
Extraction of K from oven-dried soil (0-10 cm) with Mehlich-3 solution proved to be an 
accurate indicator of irrigated soybean response to fertilizer-K. Existing fertilizer-K 
recommendations identified the correct soybean response to fertilizer-K on 58 (p ≤ 0.05) to 64% 
(p ≤ 0.10) to 80% (p ≤ 0.25) of the Arkansas acreage. Simple correlations showed that deep (0-
30 or 45 cm) soil samples failed to substantially improve the correlation between relative 
soybean yield, soybean leaf-K, and STK. The correct response to fertilizer-K was affected by the 
significance level used to interpret yield differences among treatments and showed that the 
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overall accuracy of soil-test-based recommendations increased from 71 to 84% as significance 
level increased from 0.05 to 0.25. The accuracy of the existing suboptimal STK level definitions 
improved from 51% (p = 0.05) to 82% (p = 0.25) as the significance level became more liberal. 
Trifoliolate leaf K concentration of soybean receiving no fertilizer-K accurately predicted the 
correct yield response to fertilizer-K at 46 to 62% of the site-years with accuracy being greatest 
when significance was interpreted at the 0.25 level. Eliminating the ‘Low’ level and using a 
single critical concentration of ≤17.5 g K kg-1 improved the accuracy of leaf-K concentration for 
predicting soybean response to fertilizer-K to 66 or 83% when results were interpreted at ≤0.10 
and 0.25 levels, respectively. 
Properly developed soil- and tissue-test-based fertilizer recommendations should 
communicate the frequency and magnitude of yield response to fertilization. Such information 
allows farmers and consultants to make educated nutrient management decisions that include 
both agronomic and economic considerations. Errors caused by the use of an extractant that is 
weakly correlated with crop yield or from improper interpretation of soil analyses diminishes the 
value of traditional and precision nutrient management technologies.   
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Table 2.1. Selected soil and agronomic information for soybean trials conducted in 2013 and 2014. 
  Soil Classification  Row 
Width 
Planting 
Date 
Previous Year 
Site-Year County Series Group † Cultivar Crop P K 
     --- cm ---   Fertilizer (kg ha-1) 
1 St. Francis Calloway AF Armor 48-R40 38 13 June Soybean 0 0 
2 St. Francis Calloway AF Armor X-1316 38 13 June Soybean 0 0 
3 Arkansas Dewitt TA Armor 55-R22 76 23 May Soybean 0 0 
4 Lee Convent FE Armor 55-R22 97 4 June Soybean 0 0 
5 St. Francis Calloway AF Armor 49R-56 38 23 May Soybean 0 0 
6 St. Francis Calloway AF Armor 55-R22 38 17 June Soybean 0 0 
7 St. Francis Calloway AF Armor 55-R22 38 17 June Soybean 0 0 
8 Arkansas Dewitt TA Armor 47R-13 76 2 May Soybean 0 0 
9 Jackson Foley/Calhoun GN/TG Armor X-1307 38 13 Apr Rice 0 0 
10 Desha Sharkey/Desha CE/VH Armor 55-R22 97 9 May Soybean 0 0 
11‡  St. Francis Calloway AF Pioneer 94Y-82 76 23 May Soybean 39 112 
12 Desha Sharkey/Desha CE/VH Armor 55R22 97 20 May Soybean 0 0 
13 Desha Sharkey/Desha CE/VH Armor 55R22 97 20 May Soybean 0 0 
14 Desha Desha VH Armor 55-R22 97 9 May Soybean 0 0 
15 Mississippi Sharkey/Steele CE/AU Armor X-1307 97 21 June Soybean 0 0 
16 Mississippi Sharkey CE Halo 49.9 97 18 June Soybean 0 0 
17 St. Francis Calloway AF Armor X-1307 38 13 June Rice 0 0 
† AF, Aquic Fraglossudalfs; CE, Chromic Epiaquerts; CE/AU, Chromic Epiquerts/Aquic Udifluvents; CE/VH, Chromic 
Epiaquerts/Vertic Hapludolls; FE, Fluvaquentic Endoaquepts; GN/TG, Glossic Natraqualfs / Typic Glossaqualfs; TA, Typic 
Albaqualfs; and VH, Vertic Hapludolls. 
‡ Commercial fertilizer plus 6 tons of broiler litter was applied to site-year 11 the previous year  
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Table 2.2. Selected soil chemical property means (n = 3-6) from the unfertilized control plots of 17 P and K fertilization trials 
conducted in 2013 and 2014. 
 0- to 10-cm depth 0- to 30 or 0- to 45-cm depth 
Site-Year pH P† K† 
STP 
Level‡ 
STK 
Level‡ 
SOM§ Silt¶ Clay¶ Depth pH P† K† 
  --- mg kg-1 (SD) ---   ----------- (%) ----------- (cm)  ---- mg kg-1 (SD)---- 
1 6.9 18 (3) 88 (5) L L 2.4 79.1 15.3 0 – 45 5.0 6 (1) 76 (8) 
2 7.0 8 (2) 94 (12) VL M 2.1 67.4 29.3 0 – 45 5.7 3 (1) 81 (5) 
3 6.4 21 (1) 102 (5) L M 1.6 79.3 13.7 0 – 45 6.0 8 (2) 73 (8) 
4 5.6 23 (4) 83 (6) L L 1.8 80.7 10.8 0 – 45 5.5 15 (4) 66 (12) 
5 7.2 19 (2) 60 (8) L VL 2.6 79.1 17.0 0 – 45 5.6 6 (1) 50 (11) 
6 6.9 9 (1) 78 (4) VL L 2.1 72.7 23.0 0 – 45 5.3 6 (0) 57 (8) 
7 7.6 19 (3) 76 (4) L L 2.4 75.0 16.3 0 – 45 5.9 8 (0) 55 (8) 
8 6.2 16 (2) 72 (7) L L 1.6 81.2 11.9 0 – 45 6.2 7 (1) 60 (6) 
9# 5.5 118 (19) 131 (28) AO O 3.1 55.6 15.4 0 – 30 5.6 71 (23) 100 (24) 
10 7.5 64 (2) 353 (17) AO AO 3.6 41.4 57.2 0 – 45 7.1 52 (2) 397 (14) 
11 7.3 72 (14) 161 (21) AO O 2.4 81.6 13.1 0 – 45 5.6 19 (7) 59 (8) 
12 7.3 78 (1) 146 (17) AO O 2.2 56.0 30.9 0 – 45 6.0 69 (7) 170 (19) 
13 7.6 50 (5) 201 (12) O AO 3.0 53.8 42.9 0 – 30 7.5 41 (5) 206 (10) 
14 7.2 29 (12) 157 (10) M O 2.1 56.0 33.4 0 – 45 6.5 20 (12) 193 (18) 
15 6.4 25 (3) 330 (16) L AO 3.9 32.2 59.8 0 – 30 6.5 19 (2) 334 (19) 
16 7.2 23 (1) 267 (12) L AO 3.3 33.4 62.6 0 – 30 7.3 24 (2) 287 (54) 
17 7.2 43 (9) 96 (10) O M 2.3 70.6 23.4 0 – 45 5.7 18 (6) 66 (10) 
† Number in () indicates the standard deviation from the mean. 
‡ Soil-test phosphorus (STP) levels categorized as VL, Very Low (<16 mg kg-1); L, Low (16 – 25 mg kg-1); M, Medium (26 – 35 mg 
kg-1); O, Optimum (36 – 50 mg kg-1); and AO, Above Optimum (>50 mg kg-1). Soil-test potassium (STK) levels categorized as VL, 
Very Low (<61 mg kg-1); L, Low (61 – 90 mg kg-1); M, Medium (91 – 130 mg kg-1); O, Optimum (131 – 175 mg kg-1); and AO, 
Above Optimum (>175 mg kg-1). VL, L, and M soil-test levels are considered suboptimal. Soil-test P and K levels from Slaton et al. 
(2013). 
§Soil organic matter determined by Schulte and Hopkins (1996). 
¶Texture analysis determined by Gavlak et al. (2003). 
# All means for site-year 9 were calculated from three replications. 
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Table 2.3.  Soil-test level definitions, fertilizer rate recommendations, expected yield response to fertilization, and response 
interpretation for hypothesis testing based on mean Mehlich-3 extractable P and K concentrations in the 0-10 cm depth. 
Nutrient 
Level† 
Phosphorus‡  
concentration 
P-fertilizer 
rate 
Potassium‡ 
concentration 
K-fertilizer 
rate 
Expected response 
to fertilization Increase No change Decrease 
Soil mg kg-1 kg ha-1 mg kg-1 kg ha-1     
VL ≤15 32 ≤60 148 Increase Correct Incorrect Incorrect 
L 16-25 32 61-90 112 Increase Correct Incorrect Incorrect 
M 26-35 0 91-130 56 Increase Correct Incorrect Incorrect 
O 36-50 0 131-175 0 No Change Incorrect Correct Incorrect 
AO ≥51 0 ≥176 0 No Change Incorrect Correct Incorrect 
         
Tissue§ g kg-1  g kg-1      
D < 2.5  < 15.0  Increase Correct Incorrect Incorrect 
L NA  15.0-18.9  Increase Correct Incorrect Incorrect 
S   ≥ 2.5  ≥ 19.0  No Change Incorrect Correct Incorrect 
† Nutrient level abbreviations for soil: VL, very low; L, low, M, medium; O, Optimum; and AO, above optimum. Nutrient level 
abbreviations for tissue: D, deficient; L, low; and S, sufficient. 
‡Phosphorus and K concentration values for soil when the Mehlich-3 extractant is used. 
§Tissue critical concentrations as suggested by Mills and Jones (1996) for P and Slaton et al. (2010) for K.  
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Table 2.4. Expected and actual soybean yield response to P, K, or P and K fertilization compared to a no P or K control at 17 research 
sites established during 2013 and 2014. 
Site-
year† 
Expected Yield 
Response ‡ 
Recommended 
Base Yield§ 
Compared to soybean receiving no fertilizer P or K 
P K Recommended P Only K Only¶ 
P K --- kg ha-1 ---- kg ha-1 
Difference 
(kg ha-1)# p-value†† 
Difference 
(kg ha-1) p-value 
Difference 
(kg ha-1) p-value 
1 I I 32 112 3349 361 <0.01 -57 0.64 150 0.23 
2 I I 32 56 2935 271  0.06 242 0.11 448 <0.01 
3 I I 32 56 4142 -161 0.42 44 0.83 -210 0.32 
4 I I 32 112 3911 714 0.02 69 0.82 724 0.03 
5‡‡ I I 32 148 3462 948 <0.01 -52 0.71 893 <0.01 
6 I I 32 112 3732 168 0.30 248 0.13 135 0.41 
7 I I 32 112 4143 109  0.47 -114 0.45 114 0.45 
8 I I 32 112 3554 275 0.05 93 0.49 476 <0.01 
9§§ NC NC 0 0 5060 NA NA -211 0.59 -139 0.68 
10 NC NC 0 0 5073 NA NA -30 0.65 112 0.09 
11 NC NC 0 0 4605 NA NA -47 0.73 144 0.30 
12 NC NC 0 0 3701 NA NA -214 0.17 312 0.05 
13 NC NC 0 0 4377 NA NA -24 0.87 163 0.26 
14 I NC 32 0 5388 146 0.08 146 0.08 147 0.07 
15¶¶ I NC 32 0 5060 -173 0.29 -173 0.29 -7 0.97 
16¶¶ I NC 32 0 3689 -59 0.53 -59 0.53 -31 0.77 
17 NC I 0 56 5245 290 0.01 -41 0.70 290 0.01 
† See table 2.2 for soil-test P and K levels at each site.    
‡ Expected yield response to fertilization: I, increase when soil-test level is Very Low, Low, or Medium; NC, no change when soil-test 
level is Medium, Optimum, or Above Optimum; and D, decrease (not expected at any soil-test level but a possible outcome). 
§Yield of plots that received no P or K fertilizer. 
¶’K Only’ evaluated the yield response to 56 kg K ha-1 (site-years 1, 2, 3, 9, 10, 11, 12, 13, 15, 16, and 17), 112 kg K ha-1 (site-years 4, 
5, 6, 7, and 8), and 148 kg K ha-1 (site-years 14). 
#Yield difference of the ‘Recommended’, ‘P Only’, and ‘K Only’ treatments subtracted from the ‘Base Yield’ column.  
††p-value of the yield difference of the ‘Recommended’, ‘P Only’, and ‘K Only’ columns compared to no fertilizer.  
‡‡All means for site-year 5 were calculated from ten replications.  
§§All means for site-year 9 were calculated from three replications. Both ‘P Only’ comparison treatments received a uniform rate of K 
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(56 kg K ha-1). 
¶¶’K Only’ for site-years 15 and 16 are comparing treatments that received a uniform rate of P (32 kg P ha-1).  
Table 2.5. Soybean yield and trifoliolate leaf-P (R2 stage) and seed-P concentrations as affected by fertilizer-P application rate at 17 
site-years. 
Site-Year† 
Rec-P 
rate 
Grain Yield‡ Trifoliolate Leaf-P Concentration‡ Seed-P Concentration‡ 
No P With P p-value§ No P With P p-value No P With P p-value 
 kg ha-1 ------ kg ha-1 ------  ------- g kg-1 -------  ------ g kg-1 ------  
1 32 3499 3579 0.52 4.22 4.08 0.47 4.40 4.60 <0.01 
2 32 3384 3207 0.22 3.09 3.27 0.09 3.98 4.32 0.02 
3 32 3932 3980 0.82 3.13 3.27 0.32 4.52 4.53 0.86 
4 32 4636 4625 0.97 4.22 4.18 0.89 5.65 5.73 0.44 
5¶ 32 4355 4299 0.69 3.28 3.46 0.03 4.90 4.95 0.54 
6 32 3867 3901 0.84 2.21 2.29 0.39 4.45 4.65 0.01 
7 32 4257 4252 0.98 3.23 3.25 0.90 4.98 5.03 0.69 
8 32 4031 3829 0.14 3.18 3.28 0.27 4.50 4.70 0.13 
9# 0 4920 4710 0.59 2.66 2.79 0.34 5.00 4.93 0.53 
10 0 5073 5043 0.65 3.54 3.49 0.71 4.44 4.52 0.41 
11 0 4605 4557 0.73 3.64 3.84 0.10 5.35 5.37 0.83 
12 0 3701 3487 0.17 4.05 4.12 0.42 4.81 4.85 0.78 
13 0 4377 4353 0.87 4.35 4.41 0.68 4.61 4.73 0.08 
14 32 5388 5534 0.08 3.39 3.43 0.74 4.25 4.38 0.16 
15 32 5060 4887 0.29 4.46 4.45 0.90 4.82 5.05 0.04 
16 32 3689 3630 0.53 3.98 4.07 0.33 5.56 5.55 0.92 
17 0 5245 5204 0.70 4.48 4.67 0.03 4.69 4.75 0.42 
†See table 2.2 for soil-test P and K levels at each site. 
‡For ‘Grain Yield’, ‘Trifoliolate Leaf-P Concentration’, and ‘Seed-P Concentration’, both the ‘No P’ and ‘With P’ columns contained 
uniform rates of 0 kg K ha-1 (site-years 10, 11, 12, 13, 14, 15, 16, and 17), 56 kg K ha-1 (sites-years 1, 2, 3 and 9), and 112 kg K ha-1 
(site-years 4, 5, 6, 7 and 8). 
§The p-value of the ‘Grain Yield’, ‘Trifoliolate Leaf-P Concentration’, and the ‘Seed-P Concentration’ difference found by 
subtracting the ‘No P’ treatment from the ‘With P’ treatment.  
¶All means for site-year 5 were calculated from ten replications. 
#All means for site-year 9 were calculated from three replications.  
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Table 2.6.  Soybean yield and trifoliolate leaf-K (R2 stage) and seed-K concentrations as affected by fertilizer-K application rate at 17 
site-years. 
  Grain Yield Leaf-K Concentration Seed-K Concentration 
Site-
Year† 
 Fertilizer-K Rate   Fertilizer-K Rate   Fertilizer-K Rate   
Rec-K  0 56 112 148 p-value‡ Linear§ 0 56 112 148 p-value Linear 0 56 112 148 p-value Linear 
 kg K ha-1 ----------- kg ha-1 ----------   ------------ g kg-1 -------------   --------------- g kg-1 -------------   
1 112 3292 3579 3710 3621 <0.01 <0.01 17.46 19.18 20.95 22.54 <0.01 <0.01 14.67 15.35 15.63 15.95 <0.01 <0.01 
2 56 3178 3207 3506 3559 0.06 0.02 12.66 13.11 14.92 15.80 <0.01 <0.01 15.18 15.72 16.52 16.30 0.02 0.02 
3 56 4185 3980 4165 4306 0.83 0.49 17.70 19.35 19.83 19.38 <0.01 0.01 16.90 16.55 16.63 16.50 0.19 0.26 
4 112 4008 4218 4625 4171 0.17 0.42 17.35 18.90 21.28 21.63 <0.01 <0.01 19.07 18.70 19.27 19.50 0.78 0.22 
5¶ 148 3410 3932 4299 4410 <0.01 <0.01 11.08 14.82 16.76 17.97 <0.01 <0.01 13.61 14.99 15.96 16.45 <0.01 <0.01 
6 112 3980 3862 3901 3955 0.58 0.91 11.16 13.68 15.99 16.86 <0.01 <0.01 16.33 16.72 17.05 17.10 0.03 <0.01 
7 112 4029 4118 4252 4278 0.13 0.10 14.39 17.42 18.95 19.99 <0.01 <0.01 17.12 17.63 18.17 18.18 0.02 0.03 
8 112 3647 3908 3829 3724 0.12 0.75 14.40 15.92 17.22 18.02 <0.01 <0.01 14.63 16.15 17.37 17.82 <0.01 <0.01 
9#  0 4813 4920 4728 4676 0.28 0.63 14.50 15.38 16.97 15.74 0.31 0.41 16.13 16.60 16.50 16.83 0.13 0.14 
10 0 5073 5184 5095 5082 0.32 0.86 17.64 19.50 19.35 19.03 0.02 0.09 16.40 16.07 16.38 16.55 0.79 0.36 
11 0 4603 4748 4544 4549 0.93 0.43 18.76 18.85 18.95 19.49 0.50 0.19 18.88 19.10 18.67 19.12 0.82 0.90 
12 0 3638 4013 3864 3844 0.10 0.66 20.78 21.86 22.79 22.19 0.03 0.05 18.53 18.43 18.35 17.85 0.46 0.26 
13 0 4398 4539 4424 4353 0.56 0.70 19.62 20.42 22.01 23.14 <0.01 <0.01 17.30 17.78 18.23 18.15 0.01 0.03 
14 0 5534 5473 5502 5526 0.61 0.98 20.29 20.62 20.05 20.67 0.83 0.86 15.63 16.05 15.83 15.92 0.17 0.40 
15 0 4887 4881 4998 4970 0.68 0.57 22.67 22.93 22.95 22.77 0.64 0.83 17.33 16.55 16.50 16.30 0.01 0.03 
16 0 3630 3599 3699 3540 0.84 0.70 17.95 18.28 18.22 18.72 0.42 0.36 18.42 18.77 18.33 18.95 0.39 0.46 
17 56 5191 5535 5546 5742 <0.01 <0.01 17.11 18.90 20.91 21.11 <0.01 <0.01 15.42 15.82 15.88 15.63 0.17 0.31 
†See table 2.2 for soil-test P and K levels at each site. 
‡p-value under ‘Grain Yield’, ‘Leaf-K Concentration’, and ‘Seed-K Concentration’ headings are for the average of the treatments 
receiving 56, 112, and 148 kg K ha-1 compared to the treatment receiving 0 kg K ha-1. Zero kg P ha-1 (site-years 9, 10, 11, 12, 13, and 
17) and 32 kg P ha-1 (site-years 1, 2, 3, 4, 5, 6, 7, 8, 14, 15, and 16) was included in the four treatments.  
§Linear trend analysis p-value of the 0, 56, 112, and 148 kg K ha-1 rate effects on ‘Grain Yield’ ‘Leaf-K Concentration’, and ‘Seed-K 
Concentration’. 
¶All means for site-year 5 were calculated from ten replications. 
#All means for site-year 9 were calculated from three replications.   
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Table 2.7. Accuracy of soil-test P and K interpretations at significance levels of 0.05, 0.10, and 0.25 and assuming an equal land area 
distribution within each soil-test category for each of three evaluations.  
 
Category† 
Total 
Sites 
Yield response to fertilization‡ 
Evaluation I NC D I NC D I NC D 
   ----------- p ≤ 0.05 ------------- --------- p ≤ 0.10 ----------- ---------- p ≤ 0.25 -------------- 
Recommendation P & K 8 4 4 0 5 3 0 5 3 0 
 P Only 3 0 3 0 1 2 0 1 2 0 
 K Only 1 1 0 0 1 0 0 1 0 0 
 Neither-P 5 0 5 0 0 5 0 0 4 1 
 Neither-K 5 1 4 0 2 3 0 2 3 0 
 Accuracy§ 17 58% 64% 64% 
            
P response VL 2 0 2 0 0 2 0 0 1 1 
 L 8 0 8 0 0 8 0 0 7 1 
 M 1 0 1 0 1 0 0 1 0 0 
 O 2 0 2 0 0 2 0 0 2 0 
 AO 4 0 4 0 0 4 0 0 3 1 
 Accuracy§ 17 40% 60% 55% 
            
K response VL 1 1 0 0 1 0 0 1 0 0 
 L 5 1 4 0 1 4 0 4 1 0 
 M 3 1 2 0 2 1 0 2 1 0 
 O 4 0 4 0 1 3 0 1 3 0 
 AO 4 0 4 0 0 4 0 0 4 0 
 Accuracy§ 17 71% 72% 84% 
† Category explanation: The ‘Recommended’ evaluation is based on Table 2.4 using the recommended rate of fertilizer-P, fertilizer-K 
or both compared to the yield soybean receiving no fertilizer-P or -K. The P-response (Table 2.5) and K-response (Table 2.6) 
categories are based on soybean yield response to fertilization with P or K when the other nutrient is supplied in sufficient amounts or 
at an optimal level in the soil.  
‡ Yield response to fertilization: I, increase; NC, no change; and D, decrease when differences are interpreted at the 0.05, 0.10, and 
0.25 significance levels.  Values in the cells indicate the number of site-years within each category and response.  The shaded cells are 
the expected response based on the interpretation of current soil-test P and K based recommendations. 
§ Accuracy calculated as the weighted mean of each category. 
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Table 2.8. Accuracy of soil-test P and K interpretations when p = 0.05, 0.10, and 0.25 using the 
actual distribution of soybean area within each soil-test level (DeLong et al., 2015).  
Nutrient 
Percent 
Acres† 
Soil-test 
level‡ 
Significance level 
0.05 0.10 0.25 
 (%)  Accuracy (%) § 
P response 12 Very Low 0 0 0 
 26 Low 0 0 0 
 24 Medium 0 24 24 
 22 Optimum 22 22 22 
 16 Above optimum 16 16 12 
Cumulative Accuracy¶ 38 62 58 
      
K response 7 Very Low 7 7 7 
 26 Low 5 5 21 
 32 Medium 11 21 21 
 15 Optimum 15 11 11 
 20 Above optimum 20 20 20 
Cumulative Accuracy 58 64 80 
† Percent distribution of the soil sampled acres in Arkansas within each soil-test level.  
‡ Soil-test level definitions given in Table 2.3 
§ The accuracy value indicates the percent accuracy of each soil-test level calculated as a 
weighted average of the percent of acres in Arkansas.   
¶ The cumulative accuracy is the sum of the accuracy within each soil-test level calculated as 
[(Percent acres × Accuracy) ÷ 100].  
  
Table 2.9. Accuracy of soybean trifoliolate leaf-P and -K concentration interpretations at the R2 stage for predicting grain yield 
response to fertilization at three significance levels (0.05, 0.10, and 0.25). 
Parameter† 
Trifoliolate 
nutrient level‡ 
Total 
Sites§ 
Yield response to fertilizer¶ 
I NC D I NC D I NC D 
   ----------- p ≤ 0.05 ----------- ---------- p ≤ 0.10 ----------- ---------- p ≤ 0.25 ----------- 
P response Deficient 1 0 1 0 0 1 0 0 1 0 
 Sufficient 16 0 16 0 1 15 0 1 12 3 
   Accuracy 50% 47% 38% 
K response Deficient 6 1 5 0 2 4 0 4 2 0 
 Low 7 2 5 0 2 5 0 3 4 0 
 Sufficient 4 0 4 0 1 3 0 1 3 0 
   Accuracy 48% 46% 62% 
† Soybean response to P (0 kg ha-1 compared to 32 kg ha-1) with the same K rate (recommended rate for both compared treatments: 0, 
56, 112, or 148 kg ha-1) or soybean response to K (0 kg ha-1 compared to the average of the 56, 112, and 148 kg ha-1 rates) with the 
same P rates (recommended rate for both compared treatments: 0 kg ha-1 or 32 kg ha-1). 
‡ Trifoliolate nutrient level: Deficient, < 2.5 g P kg-1 and < 15.0 g K kg-1; Low: N/A for P, 15.0-18.9 g K kg-1; Sufficient: ≥ 2.5 g P kg-
1 and ≥19.0 g K kg-1. 
§ Total Sites is the number of site-years in each trifoliolate nutrient level. Accuracy is calculated as an equally weighted mean of each 
trifoliolate nutrient level.  
¶ Yield response to fertilization: I, increase; NC, no change; and D, decrease when alpha values= 0.05, 0.10, 0.25. The numbers in the 
columns are the number of sites within each response category. Cells that are shaded indicate the expected response used to calculate 
accuracy within each level or overall accuracy (equally weighted among categories).
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Figure 2.1.  Mehlich-3 phosphorus (a) and potassium (b) mean concentrations from the 0-30 
(clayey soil) or 0-45 (loamy) cm soil depth regressed against the mean concentrations from the 
0-10 cm soil depth from 17 site-years of soybean research. 
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Appendix 2.1. Mehlich-3 soil chemical property means (n = 3 - 6) from the unfertilized control in P and K fertilization soybean trials 
conducted in 2013 and 2014. 
Site-
Year 
0-10 cm depth 0-30 or 0-45 cm depth† 
Ca Mg S Na Fe Mn Zn Cu B Ca Mg S Na Fe Mn Zn Cu B 
 --------------------------------------------------------------- mg kg-1 ----------------------------------------------------------------- 
1 1487 224 9 33 242 445 2.3 1.7 0.2 958 14 31 93 224 215 1.5 1.6 0.0 
2 1542 326 6 39 142 445 2.4 1.9 0.1 1122 308 48 67 152 189 1.2 1.5 0.0 
3 981 152 7 106 210 296 0.6 0.7 0.1 1015 183 21 176 151 232 0.4 0.6 0.1 
4 758 143 10 10 193 196 1.5 0.9 0.1 700 142 11 22 188 144 1.8 1.5 0.0 
5 1813 301 8 23 334 323 1.8 1.4 0.4 1210 255 29 63 208 207 0.8 0.9 0.2 
6 1482 334 6 32 136 506 2.3 1.1 0.3 775 331 54 73 155 196 0.9 0.8 0.3 
7 2183 320 10 46 377 335 1.5 1.4 0.5 1301 275 18 109 277 295 1.0 1.0 0.3 
8 845 144 5 89 239 247 0.8 0.7 0.3 1083 249 14 177 143 188 0.6 0.7 0.2 
9‡ 973 102 15 21 498 145 4.3 1.4 0.2 1071 115 14 27 413 271 2.5 1.4 0.2 
10 4528 847 7 82 337 192 3.7 2.9 0.8 4192 1028 40 256 373 109 4.1 4.9 0.7 
11 1691 323 16 46 333 298 3.4 1.7 0.5 1122 292 23 121 246 197 1.3 0.8 0.3 
12 2562 684 5 80 364 124 2.2 2.5 0.5 2178 1005 23 199 472 36 1.3 1.9 0.3 
13 3347 949 5 80 323 134 2.6 2.8 0.8 3219 1213 10 200 346 93 2.0 2.8 0.5 
14 2110 544 8 99 319 165 2.1 2.1 0.3 1813 848 20 317 339 91 2.0 3.0 0.2 
15 4315 898 10 57 312 70 4.1 5.3 0.7 4559 948 17 109 369 64 4.2 5.5 0.8 
16 4777 1281 5 57 295 51 3.6 5.5 0.8 4704 1292 11 96 395 48 3.5 5.9 0.8 
17 1988 293 18 48 548 228 5.4 1.9 0.4 1248 233 27 82 324 228 2.5 1.5 0.1 
† See Table 2.1 for site depth. 
‡All means for site 9 were calculated from three replications. 
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Appendix 2.2. Treatment structure for soybean sites established in 2013 and 2014. 
 Fertilizer Rate 
 TRT 1† TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 
Site-Year P K P K P K P K P K P K 
 ------------------------------------------------------------------- kg ha-1 -------------------------------------------------------------------- 
1 32 0 32 56 32 112 32 148 0 56 0 0 
2 32 0 32 56 32 112 32 148 0 56 0 0 
3 32 0 32 56 32 112 32 148 0 56 0 0 
4 32 0 32 56 32 112 32 148 0 112 0 0 
5 32 0 32 56 32 112 32 148 0 112 0 0 
6 32 0 32 56 32 112 32 148 0 112 0 0 
7 32 0 32 56 32 112 32 148 0 112 0 0 
8 32 0 32 56 32 112 32 148 0 112 0 0 
9 0 0 0 56 0 112 0 148 32 56 0 0 
10 0 0 0 56 0 112 0 148 32 0 0 0 
11 0 0 0 56 0 112 0 148 32 0 0 0 
12 0 0 0 56 0 112 0 148 32 0 0 0 
13 0 0 0 56 0 112 0 148 32 0 0 0 
14 32 0 32 56 32 112 32 148 0 148 0 0 
15 32 0 32 56 32 112 32 148 0 0 0 0 
16 32 0 32 56 32 112 32 148 0 0 0 0 
17 0 0 0 56 0 112 0 148 32 0 0 0 
†Abbreviation: TRT, treatment. 
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Appendix 2.3. Trifoliolate leaf-P concentrations from samples taken in soybean at the R1 to R2 growth stage. 
Site-Year 
Trifoliolate-P Concentration  
LSD 0.05 LSD 0.25 TRT 1† TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value 
 ---------------------------------------- g kg-1 ----------------------------------------  --------- g kg-1 --------- 
1 4.31 4.08 4.06 4.29 4.22 4.39 0.49 NS NS 
2 3.37 3.27 3.25 3.24 3.09 3.05 0.05 0.22 0.12 
3 3.18 3.27 3.22 3.15 3.13 3.20 0.93 NS NS 
4 4.30 4.05 4.34 4.34 4.42 4.29 0.84 NS NS 
5‡ 3.75 3.55 3.46 3.37 3.28 3.69 <0.01 0.17 0.10 
6 2.41 2.33 2.29 2.25 2.21 2.28 0.42 NS NS 
7 3.37 3.22 3.25 3.29 3.23 3.08 0.44 NS NS 
8 3.44 3.40 3.28 3.44 3.18 3.46 0.02 NS 0.11 
9§ 2.68 2.66 2.62 2.61 2.79 2.65 0.78 NS NS 
10 3.53 3.74 3.53 3.51 3.49 3.54 0.37 NS NS 
11 3.59 3.64 3.48 3.54 3.84 3.68 0.18 NS 0.16 
12 4.07 3.94 3.97 3.91 4.12 4.02 0.37 NS NS 
13 4.41 4.12 4.33 4.37 4.41 4.29 0.44 NS NS 
14 3.35 3.48 3.35 3.43 3.39 3.37 0.85 NS NS 
15 4.45 4.42 4.48 4.45 4.55 4.36 0.22 NS 0.09 
16 4.07 3.88 3.92 3.97 4.01 3.95 0.56 NS NS 
17 4.50 4.54 4.46 4.48 4.67 4.45 0.25 NS 0.11 
†Abbreviation: TRT, treatment. 
‡All means for site 5 were calculated from ten replications.  
§All means for site 9 were calculated from three replications. 
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Appendix 2.4. Trifoliolate leaf-K concentrations from samples taken in soybean at the R1 to R2 stage.   
 Trifoliolate-K Concentration    
Site-Year TRT 1† TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value LSD 0.05 LSD 0.25 
 ------------------------------------------- g kg-1 -------------------------------------------  --------- g kg-1 --------- 
1 17.46 19.18 20.95 22.54 19.50 17.83 <0.01 1.99 1.14 
2 12.66 13.11 14.92 15.80 14.91 10.79 <0.01 1.42 0.81 
3 17.70 19.35 19.83 19.38 18.89 18.22 0.05 1.46 0.84 
4 17.35 18.90 21.28 21.63 21.70 17.77 <0.01 1.69 0.97 
5‡ 11.08 14.82 16.76 17.97 16.78 10.82 <0.01 0.97 0.56 
6 11.16 13.68 15.99 16.86 15.54 11.49 <0.01 1.61 0.92 
7 14.39 17.42 18.95 19.99 19.53 13.53 <0.01 2.00 1.14 
8 14.40 15.92 17.22 18.02 16.42 14.62 <0.01 1.09 0.62 
9§ 14.50 15.38 16.97 15.74 15.97 15.98 0.82 NS NS 
10 17.64 19.50 19.35 19.03 18.97 18.04 0.19 NS 0.98 
11 18.76 18.85 18.95 19.49 18.06 19.20 0.32 NS NS 
12 20.78 21.86 22.79 22.19 20.94 21.27 0.13 NS 0.94 
13 19.62 20.42 22.01 23.14 19.55 19.27 0.01 1.60 0.92 
14 20.29 20.62 20.05 20.67 20.21 20.21 0.98 NS NS 
15 22.67 22.93 22.35 22.77 22.37 22.89 0.90 NS NS 
16 17.95 18.28 18.22 18.72 18.69 17.52 0.49 NS NS 
17 17.11 18.90 20.91 21.11 17.58 17.41 <0.01 1.79 1.02 
†Abbreviation: TRT, treatment. 
‡All means for site 5 were calculated from ten replications.  
§All means for site 9 were calculated from three replications. 
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Appendix 2.5. Phosphorus concentrations of soybean seed harvested at physiological maturity. 
 Seed-P Concentration  
Site-Year TRT 1† TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value LSD 0.05 LSD 0.25 
  ------------------------------------------- g kg-1 -------------------------------------------  ---------- g kg-1 ---------- 
1 3.76 4.60 4.53 4.57 4.40 4.53 0.10 NS 0.08 
2 4.38 4.32 4.25 4.33 3.98 4.33 0.06 NS 0.15 
3 4.53 4.53 4.67 4.58 4.52 4.53 0.60 NS NS 
4 5.88 5.55 5.73 5.97 5.65 5.62 <0.01 0.22 0.13 
5‡ 5.10 4.91 4.95 5.01 4.90 4.93 0.14 NS 0.09 
6 4.65 4.57 4.65 4.60 4.45 4.50 0.06 NS 0.09 
7 4.95 5.05 5.03 5.10 4.98 4.98 0.84 NS NS 
8 4.63 4.70 4.70 4.78 4.50 4.53 0.25 NS 0.15 
9§ 4.90 5.00 5.07 5.07 4.93 4.87 0.31 NS NS 
10 4.43 4.30 4.42 4.43 4.52 4.45 0.47 NS NS 
11 5.37 5.30 5.23 5.35 5.37 5.32 0.92 NS NS 
12 4.85 4.83 4.72 4.67 4.85 4.78 0.66 NS NS 
13 4.62 4.63 4.67 4.60 4.73 4.60 0.54 NS NS 
14 4.32 4.42 4.22 4.38 4.25 4.20 0.13 NS 0.11 
15 5.05 4.87 4.88 4.72 4.77 4.87 0.17 NS 0.15 
16 5.55 5.63 5.48 5.73 5.60 5.52 0.17 NS 0.12 
17 4.67 4.67 4.57 4.50 4.75 4.70 0.13 NS 0.11 
†Abbreviation: TRT, treatment. 
‡All means for site 5 were calculated from ten replications.  
§All means for site 9 were calculated from three replications. 
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Appendix 2.6. Potassium concentrations of soybean seed harvested at physiological maturity. 
  Seed-K Concentration    
Site-Year TRT 1† TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value LSD 0.05 LSD 0.25 
 ------------------------------------------ g kg-1 ------------------------------------------  --------- g kg-1 --------- 
1 14.67 15.35 15.63 15.95 15.25 14.68 <0.01 0.45 0.26 
2 15.18 15.72 16.52 16.30 15.50 14.83 0.01 0.99 0.57 
3 16.90 16.55 16.63 16.50 16.65 16.58 0.84 NS NS 
4 19.07 18.70 19.27 19.50 19.38 18.50 0.10 NS 0.46 
5‡ 13.61 14.99 15.96 16.45 15.85 13.42 <0.01 0.54 0.31 
6 16.33 16.72 17.05 17.10 17.03 16.33 0.07 NS 0.39 
7 17.12 17.63 18.17 18.18 18.18 17.22 0.04 0.88 0.50 
8 14.63 16.15 17.37 17.82 17.05 15.22 <0.01 0.81 0.46 
9§ 16.13 16.60 16.50 16.83 16.23 16.13 0.40 NS NS 
10 16.40 16.07 16.38 16.55 16.35 16.43 0.71 NS NS 
11 18.88 19.10 18.67 19.12 18.65 18.38 0.41 NS NS 
12 18.53 18.43 18.35 17.85 17.95 18.18 0.75 NS NS 
13 17.30 17.78 18.23 18.15 17.93 17.58 0.11 NS 0.41 
14 15.63 16.05 15.83 15.92 16.08 15.53 0.25 NS 0.31 
15 17.33 16.55 16.50 16.30 16.27 16.53 0.14 NS 0.48 
16 18.42 18.77 18.33 18.95 18.83 18.30 0.37 NS NS 
17 15.42 15.82 15.88 15.63 15.22 15.07 0.09 NS 0.37 
†Abbreviation: TRT, treatment. 
‡All means for site 5 were calculated from ten replications.  
§All means for site 9 were calculated from three replications. 
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CHAPTER 3 
Validation of Soil-Test-Based Phosphorus and Potassium Fertilizer Recommendations for Flood-
Irrigated Rice 
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ABSTRACT 
 Soil-testing is an accepted and widely practiced science for evaluating soil-P and -K 
availability. Regardless of the extractant, soil-testing has proven to be inconsistent for making 
accurate fertilizer-P and -K recommendations for flood-irrigated rice (Oryza sativa L.). The 
primary objectives were to assess the accuracy of established soil- and tissue-P and -K 
concentration interpretations for predicting rice yield response to fertilization at three levels of 
significance (p ≤ 0.05, 0.10, and 0.25). Soil-test P (STP) interpretations were 35% accurate in 
predicting yield response to fertilizer, regardless of the significance level used. Whole-plant-P 
concentrations at V6-V7 were 50 (p ≤ 0.05 and 0.10) and 39% (p ≤ 0.25) accurate. Soil-test K 
(STK) interpretations were 20 (p ≤ 0.05 and 0.10) and 14% (p ≤ 0.25) accurate regarding yield 
response predictions. Whole-plant-K concentrations at R2-R3 were 47 (p ≤ 0.05 and 0.10) and 
37% (p ≤ 0.25) accurate by the yield response predictions made. Nearly all of the error in both 
soil-test- and whole-plant-P and -K concentration interpretations occurred in the suboptimal 
categories where positive yield responses to fertilization were expected but did not occur. The 
accuracy (p ≤ 0.05) of yield response predictions for levels where no fertilizer was recommended 
was 88% for STP and 80% for STK and 93% for whole-plant P and K concentrations. Overall, 
whole-plant-P and -K concentrations are better predictors of rice yield response to fertilization 
than Mehlich-3 STP and STK.     
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INTRODUCTION 
Soil testing has been employed as an aid in making crop fertilizer recommendations for 
decades and is an accepted and important component of responsible agricultural nutrient 
management (Voss, 1980). Technologies enhancing the precision of nutrient management have 
been developed and are now used on a substantial proportion of the land area used for row crop 
production (Erickson and Widmar, 2015). The use of soil testing with precision agriculture 
technologies for nutrient management assumes that soil-test-based fertilizer recommendations 
are reasonably accurate at identifying fields or field areas that require supplemental P and K to 
produce near maximal yield. The ability of soil nutrient availability indices to accurately predict 
crop yield responses to P and K fertilization can vary among crops, soils, production systems, 
and soil-test methods (Beegle and Oravec, 1990; Mallarino and Blackmer, 1992; Kleinman et al. 
2001; Wortmann et al. 2009).  Most routine soil-test methods (e.g., Bray-1, Mehlich-3, NH4OAc) 
were developed in geographic regions where flood-irrigated rice is not grown suggesting that the 
methods were developed for predicting nutrient availability for upland crops grown under 
aerobic soil conditions. Flooding causes the soil to become anaerobic and influences soil 
chemical properties and nutrient availability. Soil-P and K availability are reported to increase 
due to flooding (Patrick et al., 1985). Irrigation water properties and changes in soil chemical 
properties caused by flooding have the potential to influence the accuracy of soil-test-based 
fertilizer recommendations for nutrients like P and K (Bartholomew, 1931).  In the mid-South 
rice-producing region of the USA, rice is usually grown in rotation with other irrigated crops 
cultivated under non-flooded conditions including corn (Zea mays L), grain sorghum (Sorghum 
bicolor L.), and soybean [Glycine max (L.) Merr.]. The same soil-test results may be used for 
multiple crops before new samples are collected and analyzed.  The alternating aerobic and 
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anaerobic soil conditions can influence crop response to fertilization and the accuracy of soil-
test-based P and K fertilizer recommendations.  
The literature contains only a few examples describing the correlation and calibration of 
rice nutrient uptake and yield with soil-P and -K availability indices.  Fageria et al. (1997) 
reported a strong relationship (r2 = 0.83) between upland rice yield and Mehlich-1 extractable P.  
Research with flood-irrigated rice has shown weak or no significant correlation between relative 
rice yield or growth and soil-P availability indices from various STP methods (Chang, 1978; 
Khalid et al., 1979; Shahandeh et al., 1994, 1995; Slaton et al., 2006). Limited research suggests 
that STK is meaningful for rice grown under flooded soil conditions, with STK explaining 41 to 
61% of the variability in relative rice yield (Cox and Uribe, 1992; Slaton et al., 2009). Arkansas 
research has shown that Mehlich-3 extractable P is not a good predictor of rice relative yield (r2 
= 0.17) response to P fertilization (Slaton et al., 2006). However, when combined with soil pH, 
Mehlich-3 P provides a reasonably accurate assessment of tissue-P concentration at the 
midtillering stage (r2 = 0.61; Slaton et al., 2006) suggesting the soil-P availability as measured by 
the Mehlich-3 extractant influences rice growth prior to flooding and perhaps for a short time 
after flooding. Mehlich-3 extractable K is correlated with tissue-K concentrations at panicle 
differentiation and late boot stage and relative yield (Slaton et al., 2009). Reddy et al. (1982) and 
Rao and Sekhon (1988) also reported the K concentration of rice tissue is a good predictor of 
relative rice yield. Critical nutrient concentrations are listed in the literature (De Datta, 1981; 
Yoshida, 1981; Mills and Jones, 1996; Bell and Kovar, 2000; Dobermann and Fairhurst, 2000), 
but, beyond the information presented by Slaton et al. (2006; 2009) and Reddy et al. (1982), we 
could find no research showing the actual relationships between rice tissue P or K concentrations 
and grain yield. 
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 Our research goal was to validate the accuracy of the University of Arkansas’ soil-test-
based P and K fertilizer recommendations for rice grown in the direct-seeded, delayed-flood 
management system. Specific objectives were to i) determine the accuracy of rice yield response 
predictions made with existing STP and STK recommendations interpreted at three different 
significance levels, ii) identify the soil-test levels where interpretation errors occur most often, 
iii) examine the relationships between whole aboveground plant samples taken at the midtillering 
and late boot growth stage for P and K concentrations, respectively, and Mehlich-3 STP and 
STK, iv) determine whether analysis of whole aboveground plant samples taken at the 
midtillering (V6-V7) and late boot (R2-R3; Counce et al., 2000) stages accurately identify crop 
yield response to P and K fertilization, respectively, v) assess whether STP and STK 
concentrations from deep soil samples are correlated with relative crop yields and tissue nutrient 
concentrations, and vi) examine the influence of fertilization on seed-P and -K concentrations. 
MATERIALS AND METHODS 
SITE DESCRIPTION 
 Sixteen experiments were established in 2013 and 2014 to assess rice response to P and K 
fertilization. Selected soil and agronomic information of the fields used for each experiment are 
listed in Table 3.1.  Each experiment will be referred to by the number listed in Table 3.1. To 
determine treatment structure and fertilizer recommendations, composite soil samples were 
collected from the 0-10 cm depth in March or early April. At planting, additional -10 cm deep 
soil samples were taken from the no-fertilizer control plots in each replicate (n=6). Additional 
(n=6) soil samples were collected from the 0-30 cm depth of fields with clayey soils and from 
the 0-45 cm depth of fields having loamy soils. The 0-30 or 0-45 cm depths were chosen for the 
clayey and loamy textural classes because these are the recommended depths for the soil-N test 
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for rice described by Roberts et al. (2011). The deep sample was taken with a 2.54 cm diameter 
auger from a single spot in the center of the plot (Roberts et al. 2012), while each 0-10 cm 
composite sample consisted of six 2.5 cm diameter soil cores. Soil pH (1:2 v:v soil:water ratio) 
and Mehlich-3 (Helmke and Sparks, 1996) extractable nutrients were determined on each soil 
sample. The Mehlich-3 extracts were analyzed for nutrient concentrations using inductively 
coupled plasma atomic emission spectroscopy. Soil organic matter (Schulte and Hopkins, 1996) 
and particle size analysis (Gavlak et al., 2003) were performed on two of the six, 0-10 cm 
composite samples from each site. Selected soil chemical and physical property means are listed 
in Table 3.2.  
TREATMENTS 
Plots measured 2.0 m wide by 4.9 to 6.1 m long with nine rows of rice spaced 17.8 or 
19.1 cm apart. Fertilizer-K recommendations followed the guidelines outlined by Norman et al. 
(2013), but fertilizer-P recommendations were modified to satisfy the objectives of this study. 
Each site-year contained six treatments consisting of two fertilizer-P rates (0 or 32 kg P ha-1) and 
four fertilizer-K rates as follows: i) the recommended P rate (0 or 32 kg P ha-1) with 0 kg K ha-1, 
ii) the recommended P rate with 56 kg K ha-1, iii) the recommended P rate with 84 kg K ha-1, iv) 
the recommended P rate with 112 kg K ha-1, v) the alternate P rate with the recommended K rate 
(0, 56, 84, or 112 kg K ha-1), and vi) the no-fertilizer control. Fertilizer-P and -K sources were 
triple superphosphate (200 g P kg-1) and muriate of potash (500 g K kg-1). Phosphorus and K 
fertilizers were applied to the soil surface (not incorporated) within 3 d of planting. To ensure Zn 
was not yield limiting, seed treated with Zn was planted or a foliar application of Zn was applied 
when warranted. Crop management closely followed the guidelines for the direct-seeded, 
delayed-flood rice production methods (Hardke, 2013). The recommended N rate for each site-
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year was determined by the N-STaR soil-test (Roberts et al., 2013), ranged from 112 to 202 kg N 
ha-1 (data not shown), and was applied 2 to 5 d before permanent flood establishment as urea 
(460 g N kg-1) treated with N-(n-butyl) thiophosphoric triamide (NBPT, Agrotain® Ultra, 267 g 
NBPT kg-1, Koch Fertilizer, L.L.C., Wichita, KS). 
RICE MEASUREMENTS 
 Whole-plant samples were collected from selected plots at the V6-V7 and R2-R3 growth 
stages (Counce et al., 2000) to evaluate the P and K nutritional status, respectively, and dry 
matter accumulation. At V6-V7, samples were collected from rice that received i) no fertilizer-P 
or –K (treatment 6), ii) the recommended rates of both fertilizer-P and –K (treatment 1, 2, 3, or 
4), and iii) the alternate fertilizer-P rate with the recommended fertilizer-K rate (treatment 5).  
Samples at the R2-R3 stage were collected from two treatments including rice fertilized with i) 
the recommended P rate and 0 kg K ha-1 (treatment 1) and ii) the recommended P and K rates 
(treatment 2, 3, or 4).  For fields that had Optimum or Above Optimum K availability (0 kg 
fertilizer-K ha-1 recommended), the rice receiving 0 and 84 kg K ha-1 plus the recommended P 
rate was sampled for comparison. All plant samples were taken from 0.9 m row in one of the 
seven interior rows, placed in paper bags, dried in a forced air oven at 60°C to a constant 
moisture, weighed for biomass accumulation, ground to pass a 2 mm sieve, digested in HNO3 
and 30% H2O2 (Jones and Case, 1990), and nutrient concentrations determined by inductively 
coupled plasma atomic emission spectroscopy.  
 At maturity, depending on site-year, five to eight of the nine rows of each plot were 
harvested with a small-plot combine. The grain was weighed, moisture content measured, and 
yield calculated for each plot based on a grain moisture content of 120 g H2O kg
-1. A subsample 
(300-400 g) of harvested grain was collected and moisture was allowed to equilibrate at room 
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temperature to 60-70 g H2O kg
-1. Twelve whole rough-rice grains were weighed, digested as 
described previously and nutrient concentrations determined by inductively coupled plasma 
atomic emission spectroscopy.  
STATISTICAL ANALYSIS 
 Each site-year contained six treatments and six blocks organized as a randomized 
complete block design. The MIXED procedure in SAS v9.3 (SAS Institute, Inc., Cary, NC) was 
used to perform ANOVA by site-year. Single-degree-of-freedom contrast statements were used 
to make specific comparisons of treatment effects on grain yield. The accuracy of soil-test-based 
fertilizer-P and –K recommendations were examined using five comparisons including i) 
fertilizer-P only (no fertilizer-K applied) compared to no fertilizer-P or –K, ii) fertilizer-K only 
(no fertilizer-P applied) compared to no fertilizer-P or -K, iii) the recommended fertilizer-P and –
K rates compared to no fertilizer-P or -K, iv) fertilizer-P compared to no fertilizer-P (both with 
the recommended fertilizer-K rate), and v) the average response to fertilizer-K  (56, 84, and 112 
kg K ha-1) compared to no fertilizer-K (both with the recommended fertilizer-P rate). Due to 
treatment structure and fertilizer recommendations, every comparison was not possible at every 
site-year. Whole-plant P concentration at the V6-V7 stage, whole-plant K concentration at the 
R2-R3 stage, and seed-P and -K concentration responses to fertilization were also evaluated with 
single-degree-of-freedom contrast statements.  For P concentrations in the plant at V6-V7 and in 
the harvested seed, comparisons were made between treatments that received different fertilizer-
P rates with the recommended K rate. For R2-R3 K concentration, treatments receiving the 
recommended P rate plus no fertilizer-K were compared to a single K rate (56, 84, or 112 kg K 
ha-1), which was site-year specific. Seed-K concentration responses were evaluated the same as 
yield by comparing the average response of the 56, 84, and 112 kg K ha-1 rates compared to no K 
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fertilizer (all receiving the recommended P rate). Linear trend analysis was performed by site-
year for both yield and seed nutrient concentration using the GLM procedure in SAS v9.3 (SAS 
Institute, Inc., Cary, NC). Results of each comparison were interpreted at significance levels of p 
= 0.05, 0.10, and 0.25 to reflect conservative to liberal statistical evaluations of the data. 
 The statistical hypotheses for interpreting the accuracy of soil- and tissue-based analyses 
are outlined in Table 3.3. Rice grown in soils having Very Low, Low, and Medium soil nutrient 
availability levels were expected to show a yield increase to fertilizer-P and -K. The Medium 
soil-test level contains the critical nutrient concentration and is the level where the greatest 
number of interpretation errors were expected. Relatively small yield increases were expected in 
the Medium level and minimal fertilizer rates are recommended to replace nutrients removed 
with the harvested grain and account for spatial and temporal nutrient variability in analytical 
soil-test results and interpretation errors.  No yield benefit was expected from fertilizer-P or -K 
applied to soils with Optimum or Above Optimum levels. Regardless of the soil-test level and 
nutrient, a yield decrease from P or K fertilization was not expected, but a yield decrease was 
one possible outcome and was included in our hypothesis.  ‘Correct’ outcomes were defined as 
fields where the soil-test-based recommendation predicted i) a yield increase to fertilization 
(Very Low, Low, or Medium levels) and rice yield was increased, or ii) no yield benefit (i.e., 
yield increase) from fertilization (Optimum or Above Optimum levels) and yields among 
treatments were not different. ‘Incorrect’ outcomes were defined in fields where soil-test-based 
recommendations predicted i) no yield benefit from fertilization on soils with Optimum or 
Above Optimum levels and yield was increased by fertilization, or ii) a yield increase from 
fertilization on soils with Very Low, Low, and Medium levels and rice showed a significant 
yield decrease or was not changed by fertilization.   
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Whole-plant P concentrations at the V6-V7 growth stage were interpreted as Deficient (< 
2.0 g P kg-1) or Sufficient (≥ 2.0 g P kg-1; Slaton et al., 2006). Whole-plant K concentrations at 
R2-R3 were interpreted using information from Slaton et al. (2009),which categorized K 
concentrations as Deficient (< 10.5 g K kg-1), Low (10.5-13.0 g K kg-1), and Sufficient (> 13.0 g 
K kg-1). When tissue nutrient levels were Deficient or Low, yield increases were expected from 
fertilizer, but when the nutrient levels were Sufficient, a yield increase was not expected. 
Regardless of tissue concentrations, a yield decrease to fertilizer was never expected. 
 Site-year responses for each soil-test level were summarized to determine the overall 
accuracy (percent of correct predictions) of soil- and tissue-analysis based fertilizer 
recommendations on crop yield response. This accuracy is presented as an equally weighted 
mean for each soil-test and tissue nutrient level. Soil-test accuracy was also quantified using the 
distribution of rice acreage within each STP and STK level. DeLong et al. (2015) summarized 
that 22, 34, 23, 14, and 7% (Mehlich-3 P) and 7, 24, 27, 12, and 30% (Mehlich-3 K) of the 
sampled rice acres in Arkansas tested in the Very Low, Low, Medium, Optimum, and Above 
Optimum categories, respectively. Each soil-test and tissue nutrient level was used in the 
accuracy calculation, unless there were no site-years within the plant or soil nutrient level. 
RESULTS AND DISCUSSION 
 Soybean was grown the previous year in all fields except site-year 15 (rice) and site-years 
14 and 16 (summer fallow, Table 3.1). Fertilizer-P, fertilizer-K, or both were applied the 
previous year only at site-years 1, 5, and 12. The benefits of a single application of fertilizer-P or 
-K may last beyond the year of application (Cox and Uribe, 1992). The lack of prior year 
fertilization at most of the site-years should be advantageous for assessing the ability of a soil-
test method to predict nutrient availability.  
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Mehlich-3 nutrient concentration means for the 0-10 cm depth ranged from 13 to 69 mg P 
kg-1 and from 55 to 362 mg K kg-1. The 0-30 or 0-45 cm depth nutrient concentration means 
ranged from 3 to 57 mg P kg-1 and from 50 to 321 mg K kg-1 (Table 3.2). The correlation of 
Mehlich-3 nutrient concentrations (Fig. 3.1) from the 0-10 cm soil depth with concentrations 
from the 0-30 and 0-45 cm soil depths were relatively strong for P (r2 = 0.84) and K (r2 = 0.97). 
The slope of the regression line was 0.76 for P and 1.01 for K, indicating that the nutrient 
concentrations from the 0-10 cm soil sample depth were a fare indicator of the nutritional status 
of soil at the 0-30 or 0-45 cm depths. . Soil nutrient concentrations were lower in the 0-30 and 0-
45 cm depths except at site-years 9, 10, 13, and 14 for K and site-year 15 for both P and K. Site-
years 9 and 10 were precision-leveled fields and had among the highest clay contents for the 
loamy-textured soils. The soil series description indicates that soil clay content usually increases 
with increasing soil depth.  Textural analysis showed that soil clay content in the deep sample 
was indeed greater than the shallow sample.   
RICE YIELD RESPONSE AND SOIL-TEST INTERPRETATION 
 The 16 site-years were categorized into three groups using current fertilizer 
recommendations including i) fertilizer-P and -K recommended (site-years 1-10), ii) no fertilizer-
P or -K recommended (site-years 11-15), and only fertilizer-K recommended (site-year 16). 
Table 3.4 shows the recommended fertilizer rates and compares the mean grain yield of rice that 
received no fertilizer-P or -K to the yield of rice that received the recommended fertilizer-P and -
K rate, only fertilizer-P, or only fertilizer-K. For rice (site-years 1-10) that received a 
recommendation for P and K fertilization the expected outcome was that grain yield would be 
increased by fertilizer-P and -K application. Significant yield responses (p ≤ 0.25) were 
measured at five of the 10 site-years, but only two (site-years 5 and 9; µ = 513 kg ha-1) of the 
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responses were yield increases while the other three responses (site-years 2, 4, and 8) were yield 
decreases (µ = 441 kg ha-1). When evaluated at the 0.05 or 0.10 significance levels, only one 
(site-year 2) of 11 site-years responded to fertilization and the response was a significant 5.2% 
yield decline. There is no obvious explanation to why these yield decreases occurred, but the 
interpretation of the results was clearly affected by the significance level.  Rice response to both 
fertilizer-P and -K at site-years 11-15 could not be evaluated since no treatment included both 
fertilizer-P and -K at these site-years. At site-year 16, fertilizer-K was recommended, but yield 
was not affected positively or negatively by the recommended fertilizer-K.  
 The aforementioned comparisons for site-years 1-15 did not examine single nutrient 
effects on yield to know whether the observed yield gain, loss, or no change was nutrient 
specific. The effect of fertilizer-P (no applied fertilizer-K) on rice yield compared with the yield 
of rice receiving no fertilizer-P or -K (P Only, Table 3.4) showed rice yield was affected 
negatively by the addition of fertilizer-P at three (site-years 1, 2, and 4 with µ = -519 kg ha-1; p ≤ 
0.25), one (site-year 2; p ≤ 0.10), or zero (p ≤ 0.05) site-years. Reasons for the aforementioned 
yield decreases are unknown. There was no benefit of fertilizer-P at any of the 16 site-years. 
These results are not surprising, because in the USA, as well as many parts of the world, STP has 
proven to be a poor indicator of soils that require fertilizer-P to maximize the grain yield of 
flood-irrigated rice (Chang, 1978; Shahandeh et al., 1995; Slaton et al., 2006). Application of 
only the recommended (site-years 1-10 and 16) or lowest (site-years 11-15) applied fertilizer-K 
rate resulted in two significant yield decreases (site-years 1 and 13 with µ = -997 kg ha-1; p ≤ 
0.05) and one yield increase (site-year 7; p ≤ 0.25). Site-years 1 and 7 both had suboptimal STK 
and received a fertilizer-K recommendation.  
 Soil-test-based fertilizer nutrient recommendations are usually established by examining 
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plant yield response to a single nutrient with all other nutrients supplied to ensure they are not 
growth limiting. The comparisons in Table 3.5 examine the effect of fertilizer-P on grain yield 
when fertilizer-K was applied at the recommended rate. Rice at four site-years (2, 7, 9, and 16) 
showed significant yield responses to fertilizer-P. Site-years 1-10 were expected to benefit from 
fertilizer-P, but rice grain yield was neither increased nor decreased by fertilizer-P when 
evaluated at the 0.05 or 0.10 significance levels. At the 0.25 significance level, rice yield at site-
years 2, 7, and 9 was decreased 3.0 to 5.3% (µ = 3.8%) by P fertilization. None of the site-years 
(site 11-16) that had sufficient STP (Table 3.2) and were expected to be unresponsive to P 
fertilization benefited from fertilizer-P. However, rice yield at site-year 16 was decreased 4.4% 
by fertilizer-P (p ≤ 0.05).  The increase in soil-P availability that occurs under flooded soils is 
likely responsible for the lack of benefit from fertilizer-P (Patrick et al., 1985), but does not fully 
explain why rice yield decreases were sometimes observed. Although the site-years in Table 3.5 
(2, 7, 9, and 16) that displayed a negative yield response to fertilizer-P did not show any 
deficiency symptoms, yield declines from P fertilization have been noted before, primarily on 
soils with slightly acidic pH (Beacher and Wells, 1960; Place et al., 1970) and oftentimes can be 
attributed to increased lodging (Place et al. 1970; Slaton et al. 2012). 
 Yield response to fertilizer-K (with optimal STP or fertilizer-P) was evaluated by 
comparing the average yield of rice fertilized with 56, 84, and 112 kg K ha-1 to the yield of rice 
that received no-K fertilizer (Table 3.6). Site-years 6, 13, and 14 responded positively and site-
years 9 and 11 responded negatively to fertilizer-K (p≤0.25). Rice at site-years 9 and 11 had 
yield decreases of 4 and 1%, respectively, from fertilizer-K.  While neither site was expected to 
respond negatively, only site-year 9 was expected to respond positively and the yield change was 
small. If differences were interpreted using the 0.05 or 0.10 significance level, only the yield 
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increase measured at site-year 14 was significant. Yield was expected to increase from fertilizer-
K at 11 site-years, but a yield increase occurred at only one site-year. De Datta and Mikkelsen 
(1985) summarized the available literature and reported rice yield sometimes increases, 
decreases, and or does not change from fertilizer-K. They provided no explanation why rice yield 
sometimes decreases from fertilizer-K. The lack of yield response to fertilizer-K in soils with 
Very Low to Medium STK levels may also be due to increased soil-K availability under 
anaerobic conditions (De Datta and Mikkelsen, 1985; Patrick et al. 1985). Patrick et al. (1985) 
indicated that increased soil-K availability after flooding is from non-labile forms of K and that 
soil-test methods that measure both exchangeable and non-exchangeable K would better 
represent the soil-K supplying capacity for rice. However, Slaton et al. (2009) showed that 
Mehlich-3 was better correlated with rice-K uptake and relative yield than a method that 
measures exchangeable and nonexchangeable K (1 mol L-1 HNO3). Research by Pugh (2008) 
showed that soil solution K increased after flooding and was affected by fertilizer-K rate only 
during the first few weeks after flooding and by 30-35 d after flooding, soil solution K among all 
applied K rates had decreased to a similar concentration.  Soil solution K concentration 
fluctuated very little until harvest indicating that plant-available K was either fixed by the soil or 
rapidly taken up by the plant and the soil buffering capacity was insufficient to replenish solution 
K. The possibility of increased K fixation would likely minimize the availability of non-
exchangeable K.   
For the site-years where no fertilizer-K was recommended, one (p ≤ 0.05 and 0.10) or 
two site-years (13 and 14; p ≤ 0.25) showed yield increases (µ = 4.4%) to fertilizer-K suggesting 
that Mehlich-3 extractable K is not an accurate predictor of K availability on some soils. Possible 
reasoning for this could be that a different sample depth is needed to accurately characterize K 
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availability, the collected samples were not representative, the analytical process was flawed, or 
another factor systematically influenced yield. It is interesting to note that lodging occurred only 
at site-years 13 and 14, which had no fertilizer-P applied to the majority of the plots (Appendix 
3.2), were each planted with a rice cultivar rated moderately susceptible to lodging (Table 3.1), 
and both had delayed harvest.  Significant (p ≤ 0.01) lodging differences (28-67%) occurred 
among treatments only at site-year 14 where lodging decreased as fertilizer-K rate increased 
(data not shown).  
 Evaluating the accuracy of the recommended fertilizer-K rate to maximize rice yield is 
dependent upon having K responsive soils. Among the 16 site-years, the average yield of rice 
receiving fertilizer-K was greater than the yield of rice receiving no K at site-years 6 and 14, 
which received fertilizer-K recommendations of 84 and 0 kg K ha-1, respectively (Table 3.6). A 
significant linear trend for yield to increase with increasing fertilizer K-rate occurred for these 
two sites. Significant positive and linear trends were also shown for site-years 5 and 10, despite 
there being no average yield benefit to K fertilization. The linear trend analysis suggested that 
rice yield at site-years 5, 6, 10 and 14 increased gradually as fertilizer-K rate increased while rice 
yields at site-year 9 declined as K rate increased. Trend analysis also showed a positive, 
quadratic response to fertilizer-K at site-year 7 (p = 0.07, data not shown). Multiple mean 
comparisons showed that site-year 5 was the only field where yield was maximized (p ≤ 0.05 and 
0.25) by the recommended fertilizer-K rate (112 kg K ha-1). The recommended fertilizer-K rates 
at site-years 6 and 14 were both lower (p ≤ 0.05, 0.10, and 0.25) than the rate needed to 
maximize grain yield. When evaluated at the 0.25 significance level, the fertilizer-K rate needed 
to maximize yield was 112 kg K ha-1 (site-years 6 and 14), but when evaluated at p = 0.05, the 
lowest K rate that maximized yield decreased to 56 kg K ha-1 for site-year 14 and stayed the 
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same for site-year 6. The results suggest that the two lower K rates may have been insufficient to 
increase rice yield (site-years 6 and 10) or to influence stalk strength and prevent lodging (site-
year 14). Although site-year 9 was the only site to display a negative, linear trend, the 
recommended fertilizer-K rate produced the greatest numerical yield, which was no different (p 
≤ 0.25) than rice receiving no K. 
 The overall accuracy of STP and STK interpretations for rice calculated with each soil-
test level receiving equal weighting was slightly different among the three significance levels at 
which responses were interpreted (Table 3.7). The current soil-test interpretations (Table 3.3) for 
the fertilizer-P and -K rates accurately predicted the yield response to the recommended 
fertilization at four (p ≤ 0.10) or six (p ≤ 0.25) of the 16 site-years (Table 3.7) making the 
recommendations 27 (p ≤ 0.05 and 0.10) to 33% (p ≤ 0.25) accurate. The accuracy of 
recommendations for fields that had suboptimal STP and STK levels improved at the 0.25 level 
with two correct predictions. The more liberal (p ≤ 0.25) evaluation of the results allows for 
smaller yield increases and decreases to be significant.  
 The accuracy of the soil-test-based fertilizer-P recommendations, when K was non-
limiting, was unaffected by the significance level and correctly predicted rice response to P 
fertilization at five site-years which received a recommendation for no fertilizer-P (Table 3.7). 
The overall accuracy of fertilizer-P recommendations was 35%, but the existing 
recommendations failed to predict the correct rice response to P fertilization at the 10 site-years 
having suboptimal STP levels. The failure of STP to accurately predict flood-irrigated rice yield 
response to fertilizer-P has been shown repeatedly in the literature (Shahandeh et al., 1994; 
Wilson et al. 1999; Slaton et al., 2006).  
The overall accuracy of soil-test-based fertilizer-K recommendations decreased slightly 
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from 20% (p ≤ 0.05 and 0.10) to 14% (p ≤ 0.25) as the statistical interpretation changed from 
conservative to liberal (Table 3.7). Soil-test K accurately predicted rice yield response to 
fertilizer-K at only three (p ≤ 0.25) or four site-years (p ≤ 0.05 and 0.10). The recommendations 
contained both ‘false positive’ and ‘false negative’ errors by suggesting fields would respond 
positively to fertilizer-K when they did not or indicating fields did not require fertilizer-K when 
they did, respectively. Current STK guidelines would have correctly predicted the measured 
yield response to fertilizer-K at 77% of the 31 site-years included in Slaton et al. (2009). The 
reason for the large difference in the accuracy of fertilizer-K recommendations between these 
two datasets is not clear.  Long-term studies summarized by De Datta and Mikkelsen (1985) and 
Dobermann et al. (1996) clearly show that yield loss caused by K deficiency can be substantial 
when soil becomes K depleted and warrants that research develop more accurate soil test or 
tissue analysis methods or that farmers maintain soil-K fertility by replacing K that is removed 
by each harvested crop. 
The accuracy of soil-test-based fertilizer-P and -K recommendations calculated using the 
percentage rice acreage distributed among the five soil-test levels was 19% for P at all three 
significance levels and ranged from 22 (p ≤ 0.25) to 34% (p ≤ 0.05 and 0.10) for K (Table 3.8).  
The majority of error in P and K recommendations occurred when availability was considered 
suboptimal (Very Low, Low, and Medium levels) suggesting that the accuracy could be 
improved by interpreting field-trial results at the 0.10 significance level and lowering the critical 
STK concentrations that trigger fertilizer-K application. The costs associated with fertilization 
could also be minimized by making conservative rate recommendations for rice, clearly 
communicating that fertilizer is sometimes recommended to simply maintain soil fertility, and 
exploring the feasibility of applying two-years of fertilizer in a single application to the most 
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responsive crop grown in the rotation.  
PLANT NUTRIENT CONCENTRATION AND SOIL NUTRIENT AVAILABILITY  
 Whole-plant P concentrations at the V6-V7 (midtillering) stage of rice receiving no-P 
ranged from 1.40 to 3.60 g P kg-1 among locations and were significantly (p ≤ 0.25) increased by 
fertilizer-P application at 10 of the 16 site-years (Table 3.5). Site-years 5, 9, and 10 had tissue P 
concentrations < 2.0 g P kg-1 that would have been considered P deficient by Slaton et al. (2006). 
Seven (site-years 1, 2, 4, 5, 8, 9, and 10; p ≤ 0.10 and 0.25) or six (excluding site 4; p ≤ 0.05) of 
the 10 site-years having suboptimal STP levels had greater tissue-P concentrations when 
fertilizer-P was added, but dry matter (data not shown) was increased at only two (1 and 8) of the 
11 site-years. Rice P concentration was increased by fertilizer-P at two (site-years 12 and 14; p ≤ 
0.25) of the six fields that had Optimal or Above Optimal STP levels. At site-year 16, V6-V7 
stage dry matter (data not shown) and grain yield were increased by fertilizer-P application 
despite the soil having 61 mg Mehlich-3 P kg-1 and a pH of 7.6 in the top 10 cm. The critical V6-
V7 stage tissue-P concentration of 2.0 g P kg-1 suggested by Slaton et al. (2006) was a more 
accurate predictor of yield response (Table 3.9) than was STP (Table 3.7). The overall accuracy 
of tissue-P concentration interpretations decreased from 50 (p = 0.05 and 0.10) to 39% (p = 0.25; 
Table 3.9) as the statistical interpretation became more liberal. These results suggest that neither 
Mehlich-3 STP nor tissue-P concentration at the V6-V7 stage are highly accurate predictors of 
rice response to fertilizer-P. However, use of early-season (i.e., preflood) tissue-P concentration 
may be a promising method that warrants additional research. 
Mehlich-3 STP in the 0 to 10 (r = 0.78, p = 0.0003) and 0 to 30-45 (r = 0.62, p = 0.0106) 
cm depths were each positively correlated with whole-plant P concentration at the V6-V7 stage. 
Mehlich-3 STP from neither the 0 to 10 (r = -0.20, p = 0.4621) nor the 0 to 30-45 cm (r = -0.30, 
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p = 0.2564) depths was correlated with relative rice yield, but each showed a significant, 
negative correlation with the absolute yield (r = 0.56-0.59) of rice that received no fertilizer-P. 
While this trend could be coincidence, the negative relationship suggests that the production of 
high rice yields is not favored by high soil-P availability.  The negative effect of high soil-P 
availability could be due to nutrient interactions (e.g., Zn), increased lodging, or other reasons 
that are not yet clear but likely involve the increase in soil-P availability that usually occurs 
under anaerobic conditions. For example, Zn deficiency may be exacerbated by high soil-P 
availability and high pH (Martens and Westermann, 1991). When the means from site-years with 
clayey soils were omitted from the correlation dataset (n=11) Mehlich-3 STP in the 0-45 cm 
depth was weakly correlated with relative rice yield (r = 0.46, p = 0.1515), but STP in the 0-10 
cm soil depth was not (r = 0.22, p = 0.5134).  The improvement in correlation from omitting 
clayey soils suggests that loamy and clayey soils may require different recommendations, soil 
textures should be separated for correlation-calibration analyses, and STP in the soil profile may 
be a better predictor of rice response to fertilizer-P than is STP in the top 10 cm. Additional 
research is needed to clarify whether deep soil samples are indeed a better indicator of soil-P 
availability for rice.  
 Fertilizer-K significantly (p ≤ 0.25) increased whole-plant K concentrations at the R2-R3 
(late boot) stage in 11 (2, 3, 4, 5, 7, 8, 9, 10, 11, 12, and 16) of the 16 site-years (Table 3.6). 
Whole-plant K concentrations of rice receiving no fertilizer-K ranged from 12.6 to 25.9 g K kg-1, 
which is comparable to the K concentrations for the late boot stage reported by Slaton et al. 
(2009) and for the panicle initiation stage reported by Mills and Jones (1996) and Bell and Kovar 
(2000).  The significance level of interpretation influenced how many site-years showed 
significant tissue-K differences [eleven (p ≤ 0.25), eight (p ≤ 0.10), or seven (p ≤ 0.05) total 
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sites-years]. Only site-year 5 had a K concentration that would not have been considered 
Sufficient (≥ 13.0 g K kg-1) to produce 95% of maximum yield by Slaton et al. (2009) and the 
concentration (12.6 g K kg-1) was very close to the minimum sufficient concentration. As such, it 
is not surprising that grain yield was not increased by fertilizer-K at many of the locations (Table 
3.6). The K concentrations at site-years 6, 13, and 14 were considered Sufficient and significant 
yield increases, albeit relatively small, were measured from fertilizer-K. The K concentration at 
site-year 9, where yield was decreased by fertilizer K, was not abnormally high or low. Slaton et 
al. (2009) showed that Mehlich-3 STK was a better predictor of late boot stage plant-K 
concentration than relative yield and that late boot stage plant-K concentration was a better 
predictor of rice relative yield response to fertilizer-K than STK. Plant-K concentrations at R2-
R3 (Table 3.9) were a more accurate predictor of rice yield response to fertilizer-K than Mehlich-
3 STK (Table 3.7).   
 The accuracy of R2-R3 stage plant-K concentrations to correctly predict rice response to 
fertilizer-K ranged from 47% (p ≤ 0.05 and 0.10) to 37% (p = 0.25). The accuracy of plant-K 
interpretations could not be fully evaluated since none of the site-years had K concentrations that 
were considered Deficient (< 10.5 g K kg-1), but the high percentage of accuracy (73-93%) when 
K concentrations were considered to be Sufficient is encouraging. Future research should 
probably validate the accuracy of K concentrations of whole-plant or specific leaf samples at the 
V6-V7 stage in predicting yield response to fertilizer-K since that would allow more time for 
tissue analysis and fertilization than samples collected at the late boot to early heading stage 
(Maschmann et al., 2010). Early detection of K deficiency of rice is important since sufficient K 
nutrition is known to influence the incidence and severity of numerous diseases and nutrient 
disorders as summarized by Tanaka and Yoshida (1970) and Huber and Arny (1985).  
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Mehlich-3 STK in the 0-10 cm depth was negatively correlated with absolute yield (r = -
0.65, p = 0.0060) and positively correlated with whole-plant K concentration at the late boot 
stage (r = 0.85, p < 0.0001) for rice that received no fertilizer-K.  The STK in the 0 to 30-45 cm 
depths was also negatively correlated with absolute yield (r = -0.69, p = 0.0032) and positively 
correlated with whole-plant K concentration at R2-R3 stage (r = 0.82, p = 0.0001) for rice that 
received no fertilizer-K.  The similar numerical correlation coefficients for the two soil depths 
suggest that that either shallow or deep soil samples could possibly be used for assessing soil-K 
availability and making fertilizer-K recommendations for rice.  The use of deep soil samples for 
fertilizer-K recommendations for flood-irrigated rice is of interest and warrants additional 
research since the 30 or 45 cm soil depths are used to assess alkaline hydrolyzable-N 
concentration to make fertilizer-N recommendations for rice and would allow a single set of soil 
samples to be collected (Roberts et al., 2011; 2013). Similar to STP, relative rice yield response 
to fertilizer-K was not correlated with any soil parameter. 
SEED NUTRIENT CONCENTRATION AND SOIL NUTRIENT AVAILABILITY 
 Seed-P concentration was affected by fertilizer-P at zero (p ≤ 0.05), one (p ≤ 0.10), or six 
(p ≤ 0.25) of the 16 site-years, depending on significance level (Table 3.5). The seed-P 
concentration of rice that received no fertilizer-P ranged from 2.35 to 2.85 g P kg-1 and, across 
fertilizer-P rates, averaged 2.64 g P kg-1 (SD = 0.39). Dobermann et al. (1998) reported a slightly 
lower seed-P concentration range of 1.5-2.5 g P kg-1. In our study, a 10,000 kg ha-1 seed yield 
would remove an average of 28.1 kg P ha-1 when corrected to 120 g kg-1 moisture.  At the six 
site-years (3, 5, 7, 12, 14 and 16) where seed-P concentration changed (p ≤ 0.25) from the 
application of 32 kg fertilizer-P ha-1, there was no consistent trend as seed-P increased by an 
average of 0.10 g P kg-1 at two site-years (3 and 16) and decreased by 0.09 g P kg-1 at four site-
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years (5, 7, 12, and 14). Seed-P concentrations were positively correlated with relative rice yield 
(r = 0.44, p = 0.0877) and negatively correlated with V6-V7 stage, whole-plant P concentrations 
(r = -0.48, p = 0.0618).   
 Seed-K concentration responses to fertilizer-K were measured at four (p ≤ 0.05 and 0.10) 
or six (sites 2, 4, 8, 9, 13, and 16; p = 0.25) of the 16 site-years (Table 3.6). Seed-K concentration 
increased at two site-years (9 and 16; p ≤ 0.05 and 0.25) where fertilizer-K was recommended 
with an average seed-K concentration increase of 0.25 g K kg-1 (n = 2). A decrease in seed-K 
concentration occurred at site-year 8 (0.22 g K kg-1; p ≤ 0.05 and 0.10) and 2 and 4 (p ≤ 0.25) 
with an average decrease of 0.10 g K kg-1 (n = 2). When fertilizer-K was not recommended (site-
years 11-15), seed-K concentration at site-year 13 responded negatively (i.e., decreased) to 
fertilizer-K (0.11 g K kg-1; p = 0.03). Seed-K concentration, averaged across all K rates, was 2.97 
g K kg-1 (SD = 0.30) which calculates to the removal of 31.6 kg K ha-1 by a 10,000 kg ha-1 rough 
rice yield corrected to 120 g kg-1 moisture.  These results suggest that application of fertilizer-K 
sometimes influences rice seed-K concentration, but luxury accumulation of K in the rough rice 
seed does not appear to occur as has been documented for soybean (Clover and Mallarino, 2013; 
Parvej et al., 2015). Clover and Mallarino (2013) also showed that the seed-K concentration of 
corn sometimes increased from K fertilization, but increased seed-K concentrations in corn 
occurred less frequently than observed for soybean. Dobermann et al. (1996, 1998) reported 
seed-K concentration ranges that were similar to the range in our 16 sites-years of research. 
Seed-K concentration was negatively correlated with STK in the 0-10 cm (r = -0.72, p = 0.0016) 
and 0 to 30-45 cm depths (r = -0.69, p = 0.0033) and whole-plant K concentrations at the R2-R3 
stage (r = -0.53, p = 0.0349). Dobermann et al. (1996) reported no relationship between straw- 
and seed-K concentration as straw-K concentration were increased from fertilizer-K application, 
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while seed concentrations remained constant. 
CONCLUSIONS 
  The primary research objectives were to validate the accuracy of soil- and tissue-test 
based guidelines for identifying P- and K-deficient soils and predicting when yield will be 
increased by fertilizer-P and -K. The existing interpretation of Mehlich-3 STP concentrations 
were 35% accurate in predicting the yield response to P fertilization, regardless of how liberally 
(p ≤ 0.25) or conservatively (p ≤ 0.05) the results were evaluated. The Optimum and Above 
Optimum STP levels were 91% accurate at identifying that fertilizer-P was not needed to 
increase rice yields, but soils in these two levels represent only 21% of Arkansas rice hectares. 
Very Low, Low, and Medium STP levels were 0% accurate in predicting yield response to 
fertilizer-P. The accuracy of Mehlich-3 STP recommendations can be improved by reducing the 
critical concentration where fertilizer-P is recommended. Tissue-P concentration at V6-V7 stage 
was 50 (p ≤ 0.05 and 0.10) to 39% (p ≤ 0.25) accurate at identifying the correct rice yield 
response to fertilizer-P and is significantly correlated with Mehlich-3 STP.  
 Mehlich-3 STK was 14 to 20% accurate at identifying the need for fertilizer-K to produce 
maximal rice yield. When soil-test levels were weighted according to the hectare distribution in 
Arkansas, the accuracy improved to 22 to 34%. Similar to STP, most of the error occurred in the 
suboptimal STK levels where a positive yield response was expected but did not occur. Tissue-K 
concentration was also a better predictor of yield response (37-47%) than STK. Mehlich-3 STK 
and tissue-K concentrations were highly correlated again suggesting that STK is a meaningful 
measure of plant-available K.  
The accuracy of STP and STK indices to predict the correct yield response to fertilization 
was greatest when individual trial results were interpreted at the 0.10 significance level. Soil-test 
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P and STK from the 0-30 or 45 cm depths showed to be equally well correlated with plant-P and 
–K concentrations as concentrations from the 0-10 cm soil depth. Additional research would be 
needed to develop potential critical STP and STK thresholds using the deep soil samples. 
Fertilizer-P and –K recommendations using availability indices from the 0-30 or 45 cm depths 
would be advantageous since it would allow growers to collect one set of soil samples for N, P, 
and K recommendations. Rice grain-P and -K concentrations occasionally increased when 
fertilizer-P and -K were applied, but did not show a consistent trend to accumulate these 
nutrients. When fertilizer-P or –K is applied and yield is not increased, P and K do not 
consistently accumulate in rice grain and result in excessive nutrient removal by harvested grain. 
The results show evidence that Mehlich-3 STP and STK are meaningful measures of P and K 
availability to rice, but are poor indicators of when fertilizer-P and -K are needed to increase 
yield.   
92 
 
REFERENCES 
Bartholomew, R.P. 1931. Changes in the availability of phosphorus in irrigated rice soils. 
Research paper 223. Univ. of Arkansas, Fayetteville, AR. p.209-218. 
 
Beacher, R.L. and J.P. Wells. 1960. Rice fertility studies, 1952 to 1958. Bull. 620. Arkansas 
Agric. Exp. Stn., Fayetteville, AR. 
 
Beegle, D.B., and T.C. Oravec. 1990. Comparisons of field calibrations for mehlich-3 P and K 
with bray-kurtz P1 and ammonium acetate K for corn. Commun. Soil Sci. Plant Anal. 
21(13-16):1025-1036. 
 
Bell, P.F. and J.L. Kovar. 2000. Reference sufficiency ranges: field crops. In: C.R. Campbell, 
editor, Reference sufficiency ranges for plant analysis in the southern region of the 
United States. S. Coop. Ser. Bull. 289. North Carolina Dept. Agric. and consumer 
services, Raleigh, NC. p. 9-41. 
 
Chang, S.C. 1978. Evaluation of the fertility of rice soils. In: Soils and rice. International Rice 
Research Institute, Los Baños, Laguna, Philippines. p. 521-541. 
 
Clover, M.W., and A.P. Mallarino. 2013. Corn and soybean tissue potassium content responses 
to potassium fertilization and relationships with grain yield. Soil Sci. Soc. Am. J. 77:630-
642. 
Counce, P.A., T.C. Keisling, and A.J. Mitchell. 2000. A uniform, objective, and adaptive system 
for expressing rice development. Crop Sci. 40:436-443. 
Cox, F.R., and E. Uribe. 1992. Management and dynamics of potassium in a humid tropical 
Ultisol under a rice-cowpea rotation. Agron. J. 84:655-660.  
 
De Datta, S.K. 1981. Principles and practices of rice production. John Wiley and Sons, Toronto, 
Canada.  
 
De Datta, S.K. and D.S. Mikkelsen. 1985. Potassium Nutrition of Rice. In: R.D. Munson, editor, 
Potassium in Agriculture. ASA-CSSA-SSSA, Madison, WI. p. 665-699. 
 
DeLong, R.E., S.D. Carroll, N.A. Slaton, M. Mozaffari, and C. Herron. 2015. Soil-test and 
fertilizer sales data: summary for the 2013 growing season. In: N.A. Slaton, editor, 
Arkansas Soil Fertility Studies 2014. Res. Ser. 624. Arkansas Agric. Exp. Stn., 
Fayetteville, AR. p.7-27. 
 
Dobermann, A., K.G. Cassman, C.P. Mamaril, and J.E. Sheehy. 1998. Management of 
phosphorus, potassium, and sulfur in intensive, irrigated lowland rice. Field Crops Res. 
56:113-138. 
 
  
93 
 
Dobermann, A. and T.H. Fairhurst. 2000. Mineral dificiencies. In: Rice: Nutrient disorders and 
nutrient management. International Rice Research Institute, Makati City, Philippines. p. 
40-119.  
 
Dobermann, A., P.C. Sta. Cruz, and K.G. Cassman. 1996. Fertilizer inputs, nutrient balance, and 
soil nutrient-supplying power in intensive, irrigated rice systems. I. potassium uptake and 
K balance. Nutrient Cycling in Agroecosystems 46:1-10. 
 
Erickson, B. and D.A. Widmar. 2015. 2015 Precision agriculture services dealership survey 
results. CropLife. Purdue University. http://agribusiness.purdue.edu/files/resources/2015-
crop-life-purdue-precision-dealer-survey.pdf (accessed 26 Oct. 2015). 
 
Fageria, N.K., A.B. Santos, and V.C. Baligar. 1997. Phosphorus soil test calibration for lowland 
rice on an Inceptisol. Agron. J. 89:737-742. 
 
Gavlak, R.G., D.A. Horneck, R.O. Miller, and J. Kotuby-Amacher. 2003. Soil, plant, and water 
reference methods for the western region. 2nd ed. Publ. WCC-103. Colorado State Univ., 
Ft. Collins. 
Hardke, J.T., editor. 2013. Rice Production Handbook. Publication MP192. Univ. of Arkansas 
Coop. Ext. Ser., Little Rock, AR. 
 
Helmke, P.A., and D.L. Sparks. 1996. Lithium, sodium, potassium, rubidium, and cesium. In: 
D.L. Sparks, editor, Methods of soil analysis. Part 3. SSSA Book Ser. 5. SSSA, Madison, 
WI. p. 551–574. 
 
Huber, D.M., and D.C. Arny. 1985. Interactions of potassium with plant disease. In: R.D. 
Munson, editor, Potassium in Agriculture. ASA-CSSA-SSSA, Madison, WI. p. 467-488.  
Jones, J.B., and V.W. Case. 1990. Sampling, handling, and analyzing plant tissue samples. In: 
R.L. Westerman, editor, Soil testing and plant analysis. 3rd ed. SSSA Book Ser. 4. SSSA, 
Madison, WI. p. 389-428. 
 
Khalid, R.A., W.H. Patrick Jr., and F.J. Peterson. 1979. Relationship between rice yield and soil 
phosphorus evaluated under aerobic and anaerobic conditions. Soil Sci. and Plant Nutr. 
25(2):155-164. 
Kleinman, P.J.A., K. Gartley, and W.M.Jarrell. 2001. Interlaboratory comparison of soil 
phosphorus extracted by various soil test methods. Commun. Soil Sci. Plant Anal., 
32:2325-2345.  
Mallarino, A.P., and A.M. Blackmer. 1992. Comparison of methods for determining critical 
concentrations of soil test phosphorus for corn. Agron. J. 84:850-856. 
 
Martens, D.C., and D.T. Westermann. 1991. Fertilizer applications for correcting micronutrient 
deficiencies. In: J.J. Mortvedt et al., editors, Micronutrients in agriculture. 2nd ed. Ser. 4. 
SSSA, Madison, WI. p. 549-592. 
94 
 
Maschmann, E.T., N.A. Slaton, R.D. Cartwright, and R.J. Norman. 2010. Rate and timing of 
potassium fertilization and fungicide influence rice yield and stem rot. Agron. J. 102:163-
170. 
 
Mills, H.A., and J.B. Jones, Jr. 1996. Plant analysis handbook II. MicroMacro Publ., Athens, 
GA. 
 
Norman, R.J., N.A. Slaton, and T.L. Roberts. 2013. Soil Fertility. In: J.T. Hardke, editor. Rice 
Production Handbook. Publication MP192. Univ. of Arkansas Coop. Ext. Ser., Little 
Rock, AR. p. 71-73. 
 
Parvej, R. Md., N.A. Slaton, L.C. Purcell, and T.L. Roberts. 2015. Potassium fertility effects 
yield components and seed potassium concentration of determinate and indeterminate 
soybean. Agron. J. 107:943-950. 
Patrick, W.H., Jr., D.S. Mikkelsen, and B.R. Wells. 1985. Plant nutrient behavior in flooded soil. 
In: O.P. Engelstad editor, Fertilizer technology and use. SSSA, Madison, WI. p. 197-228. 
Place, G.A., J.L. Sims, and V.L. Hall. 1970. Effects of nitrogen and phosphorus fertilization on 
growth, yield, and cooking characteristics of rice. Agron. J. 62:239-243. 
Pugh, B.C. 2008. Characterization of soil potassium availability and plant uptake by rice grown 
on a flooded Dewitt silt loam. M.S. thesis, Univ. of Arkansas, Fayetteville.   
Rao, N.R. and G.S. Sekhon. 1988. Potassium concentration in rice at certain stages of growth as 
an indicator for the nutrient status of plants. J. Potassium Res. 4(1):1-11. 
Reddy, G.R., V.V. Subbaiah, Y.Y. Rao, K. Ramaseshaiah, and I.V.S. Rao. 1982. Assessment of 
potassium need of rice grown in light soil subjected to continuous leaching conditions. J. 
Indian Soc. Soil Sci. 30(3):403-404. 
Roberts, T.L., R.J. Norman, A.M. Fulford, and N.A. Slaton. 2013. Field validation of N-STaR 
for rice on silt loam soils in Arkansas. Soil Sci. Soc. Am. J. 77: 539-545. 
Roberts, T.L., W.J. Ross, R.J. Norman, N.A. Slaton, and C.E. Wilson. 2011. Predicting nitrogen 
fertilizer needs for rice in Arkansas using alkaline hydrolysable-nitrogen. Soil Sci. Soc. 
Am. J. 75: 1161-1171.  
Roberts, T.L., C.E. Wilson, Jr., R.J. Norman, N.A. Slaton, and L. Espinoza. 2012. N-ST*R soil 
sample bucket and soil sample collection. FSA2168. Univ. of Arkansas Coop. Ext. Serv., 
Little Rock.  
Schulte, E.E. and B.G. Hopkins. 1996. Estimation of soil organic matter by weight loss-on-
ignition. In: F.R. Magdoff et al., editor, Soil organic matter: Analysis and interpretation. 
SSSA Spec. Publ. 46. SSSA, Madison, WI. p. 21-31. 
Shahandeh, H. and L.R. Hossner. 1995. Evaluation of soil phosphorus test for flooded rice soils 
under oxidized and reduced soil conditions. Commun. Soil Sci. Plant Anal. 26:107-121. 
95 
 
Shahandeh, H., L.R. Hossner, and F.T. Turner. 1994. Phosphorus relations in flooded rice soils 
with low extractable phosphorus. Soil Sci. Soc. Am. J. 58:1184-1189. 
Slaton, N. A., B. R. Golden, R. J. Norman, C. E. Wilson, and R. E. DeLong. 2009. Correlation 
and calibration of soil potassium availability with rice yield and nutritional status. Soil 
Sci. Soc. Am. J. 73:1192–1201.  
 
Slaton, N.A., C.E. Wilson Jr., R.J. Norman, and R.E. DeLong. 2006. Correlation of soil pH and 
Mehlich-3 phosphorus with post-flood rice phosphorus concentrations in Arkansas. 
Commun. Soil Sci. Plant Anal. 37:2819-2831. 
 
Slaton, N.A., T.L Roberts, R.J. Norman, R.E. DeLong, C.G. Massey, J. Shafer, J. Branson, and 
S.D. Clark. 2012. Evaluation of phosphorus, potassium, and zinc fertilization strategies 
for rice. In: R.J. Norman and K.A.K. Moldenhauer, editors, B.R. Wells rice research 
studies 2011. Res. Ser. 600. Arkansas Agric. Exp. Stn., Fayetteville, AR. p. 271-280.  
Tanaka, A., and S. Yoshida. 1970. Nutritional disorders of the rice plant in Asia. Tech. Bull. 10. 
International Rice Research Institute, Los Baños, Laguna, Philippines.    
Wilson, C.E., Jr., N.A. Slaton, S. Ntamatungiro, and R.J. Norman. 1999. Phosphorus fertilizer 
management for rice produced on alkaline soils. In: R.J. Norman and T.H. Johnston, 
editors, B.R. Wells rice research studies 1998. Res. Ser. 468. Arkansas Agric. Exp. Stn., 
Fayetteville, AR. p.310-316. 
Wortmann, C.S., A.R. Dobermann, R.B. Ferguson, G.W. Hergert, C.A. Shapiro, D.D. Tarkalson, 
and D.T. Walters. 2009. High-yielding corn response to applied phosphorus, potassium, 
and sulfur in Nebraska. Agron. J. 101:546-555. 
 
Yoshida, S. 1981.  Mineral nutrition of rice. In: Fundamentals of rice crop science.  International 
Rice Research Institute, Los Baños, Laguna, Philippines. p. 111-176.
  
Table 3.1. Selected soil and agronomic information for rice trials conducted in 2013 and 2014. 
Site- 
Year 
 Soil Classification  Row Planting 
Date 
Previous Year 
County Series Group† Cultivar Width Crop P K 
     cm   Fertilizer (kg ha-1) 
1 St. Francis Loring OF Roy J 19.1 17 April Soybean 20 56 
2 St. Francis Calloway AF Clearfield 152 19.1 1 May Soybean 0 0 
3 St. Francis Calhoun TG Clearfield 152 19.1 17 April Soybean 0 0 
4 Arkansas Dewitt TA Clearfield 152 17.8 15 May Soybean 0 0 
5 St. Francis Calhoun TG Roy J 19.1 19 April Soybean 20 56 
6 St. Francis Calhoun TG Roy J 19.1 18 April Soybean 0 0 
7 St. Francis Calloway AF Roy J 19.1 24 April Soybean 0 0 
8 Arkansas Dewitt TA Clearfield 152 17.8 12 May Soybean 0 0 
9 Arkansas Dewitt TA Clearfield 152 17.8 12 May Soybean 0 0 
10 Desha Desha VH Clearfield 152 17.8 7 May Soybean 0 0 
11 Mississippi Sharkey CE Clearfield 152 17.8 28 May Soybean 0 0 
12 Mississippi Sharkey CE Clearfield 152 17.8 30 May Soybean 23 0 
13 Mississippi Sharkey CE Roy J 17.8 6 May Soybean 0 0 
14 Mississippi Sharkey CE Roy J 17.8 6 May Fallow 0 0 
15 Desha Sharkey/Desha CE/VH Clearfield 152 17.8 7 May Rice 0 0 
16 St. Francis Calhoun TG Clearfield 111 19.1 22 May Fallow 0 0 
† AF, Aquic Fraglossudalfs; VH, Vertic Hapludolls; TA, Typic Albaqualfs; CE/VH, Chromic Epiaquerts/Vertic Hapludolls; OF, 
Oxyaquic Fragiudalfs; TG, Typic Glossaqualfs; and CE, Chromic Epiaquerts. 
  
9
6
 
  
Table 3.2. Selected soil chemical property means (n = 4 - 6) from the unfertilized control in P and K fertilization rice trials conducted 
in 2013 and 2014. 
    0- to 10-cm depth  0- to 30 or 0- to 45-cm depth 
Site-
Year 
pH P† K 
STP 
Level‡ 
STK 
Level‡ 
SOM  Silt  Clay  Depth pH P K 
  ---- mg kg-1 (SD) ----   ------------ (%) ---------- (cm)  --- mg kg-1 (SD) --- 
1§ 7.0 23 (3) 108 (6) L M 2.7 77.7 21.2 0 - 45 6.2 3 (1) 60 (5) 
2 6.9 16 (2) 70 (9) L L 2.7 79.1 19.2 0 - 45 6.5 9 (3) 53 (9) 
3¶ 7.1 16 (2) 70 (8) L L 2.2 80.3 19.3 0 - 45 4.9 3 (<1) 50 (8) 
4 6.5 26 (3) 104 (10) M M 1.8 79.8 17.3 0 - 45 6.1 7 (2) 88 (12) 
5 7.8 13 (3) 55 (16) VL VL 2.3 80.9 15.7 0 - 45 6.8 10 (5) 58 (10) 
6 7.2 30 (4) 88 (12) M L 2.6 82.7 13.1 0 - 45 6.9 14 (3) 57 (7) 
7 6.6 27 (1) 72 (7) M L 2.4 77.3 17.3 0 - 45 5.3 10 (3) 53 (5) 
8 7.1 34 (8) 109 (18) M M 2.0 76.6 18.8 0 - 45 6.2 9 (3) 66 (11) 
9 7.0 13 (4) 85 (8) VL L 1.9 74.9 19.3 0 - 45 5.5 5 (0) 88 (15) 
10 7.2 16 (4) 126 (9) L M 2.0 65.9 27.0 0 - 45 5.9 13 (7) 130 (18) 
11 7.5 62 (2) 362 (16) AO AO 3.6 32.2 55.4 0 - 30 7.4 42 (6) 321 (67) 
12 6.7 43 (2) 279 (25) O AO 3.4 29.8 49.4 0 - 30 6.9 30 (3) 242 (53) 
13 7.0 47 (2) 286 (19) O AO 4.2 28.5 58.1 0 - 30 7.1 35 (3) 300 (26) 
14 7.8 69 (3) 271 (17) AO AO 3.6 28.5 53.7 0 - 30 7.5 54 (4) 308 (23) 
15 7.8 54 (2) 192 (12) AO AO 3.1 52.3 45.1 0 - 30 7.5 57 (3) 199 (15) 
16 7.6 61 (5) 90 (8) AO L 2.4 79.6 15.8 0 - 45 5.9 19 (2) 60 (4) 
† The values in parentheses are the standard deviation of the mean soil-test P or K for the research area. 
‡ Soil-test phosphorus (STP) levels categorized as VL, Very Low (<16 mg kg-1); L, Low (16 – 25 mg kg-1); M, Medium (26 – 35 mg 
kg-1); O, Optimum (36 – 50 mg kg-1); and AO, Above Optimum (>50 mg kg-1). Soil-test potassium (STK) levels categorized as VL, 
Very Low (<61 mg kg-1); L, Low (61 – 90 mg kg-1); M, Medium (91 – 130 mg kg-1); O, Optimum (131 – 175 mg kg-1); and AO, 
Above Optimum (>175 mg kg-1). VL, L, and M soil-test levels are considered suboptimal. 
§Site-year 1 means were calculated from four replications.  
¶Site-year 3 means were calculated from five replications. 
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Table 3.3.  Soil-test level definitions, fertilizer rate recommendations, expected rice yield response to fertilization, and response 
interpretation for hypothesis testing based on mean Mehlich-3 extractable P and K concentrations in the 0-to 10-cm depth. 
Nutrient 
Level† 
Phosphorus‡  
concentration 
P-fertilizer 
rate 
Potassium‡ 
concentration 
K-fertilizer 
rate 
Expected response 
to fertilization 
Increase No change Decrease 
Soil mg P kg-1 kg P ha-1 mg K kg-1 kg K ha-1     
VL ≤15 32 ≤60 112 Increase Correct Incorrect Incorrect 
L 16-25 32 61-90 84 Increase Correct Incorrect Incorrect 
M 26-35 32 91-130 56 Increase Correct Incorrect Incorrect 
O 36-50 0 131-175 0 No Change Incorrect Correct Incorrect 
AO ≥51 0 ≥176 0 No Change Incorrect Correct Incorrect 
         
Tissue g P kg-1  g K kg-1      
D < 2.0  <10.5  Increase Correct Incorrect Incorrect 
L NA  10.5-13.0  Increase Correct Incorrect Incorrect 
S ≥ 2.0  > 13.0  No Change Incorrect Correct Incorrect 
† Level abbreviations for soil: VL, Very Low; L, Low; M, Medium; O, Optimum; and AO, Above Optimum. Level abbreviations for 
tissue: D, Deficient; L, Low; and S, Sufficient. 
‡Phosphorus and K concentration values for soil when the Mehlich-3 extractant is used. 
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Table 3.4. Expected and actual rice yield response to P, K, or P and K fertilization compared with a no P or K control at 16 research 
sites established during 2013 and 2014.  
Site- 
Year† 
Expected Yield 
Response ‡ 
Recommended Base 
Yield§ 
Compared with rice receiving no fertilizer P or K 
P K Recommended P Only¶ K Only# 
 P K ---- kg ha-1 ---- kg ha-1 
Difference 
(kg ha-1) ††   
p-
value‡‡ 
Difference 
(kg ha-1) †† 
p-
value‡‡ 
Difference 
(kg ha-1) †† p-value‡‡ 
1 I I 32 56 12717 - 445 0.31 - 698 0.11 - 926 0.04 
2 I I 32 84 11957 - 616 0.02 - 500 0.06 - 269 0.30 
3 I I 32 84 10513 28 0.92 - 32 0.92 60 0.83 
4 I I 32 56 10257 - 428 0.14 - 358 0.21 - 283 0.32 
5 I I 32 112 11515 633 0.11 - 32 0.93 - 48 0.90 
6 I I 32 84 12376 - 223 0.52 - 320 0.35 19 0.96 
7 I I 32 84 10509 298 0.30 150 0.60 459 0.12 
8 I I 32 56 8633 - 279 0.19 - 114 0.59 2 0.99 
9 I I 32 84 7651 392 0.20 312 0.31 159 0.60 
10 I I 32 56 10550 - 228 0.44 - 234 0.43 - 126 0.67 
11 NC NC 0 0 8126 -- -- - 26 0.89 - 135 0.46 
12 NC NC 0 0 9022 -- -- - 10 0.97 - 114 0.63 
13 NC NC 0 0 8611 -- -- - 95 0.82 - 1069 0.02 
14 NC NC 0 0 8052 -- -- 55 0.86 347 0.29 
15§§ NC NC 0 0 9103 -- -- 36 0.87 256 0.30 
16 NC I 0 84 9249 184 0.37 - 57 0.78 184 0.37 
†Soil-test P and K levels for each site are shown in table 3.2. 
‡Expected yield response to fertilization: I, increase when soil-test level is Very Low, Low, or Medium; NC, no change when soil-test 
level is Optimum or Above Optimum; and D, decrease (not expected at any soil-test level but a possible outcome). 
§Yield of plots that received no P or K fertilizer. 
¶In the ‘P Only’ comparison, site-year 3 was the only site to contain fertilizer-K in the compared treatments. 
#All ’K Only’ comparisons for each site-year received the recommended fertilizer-K rates except site-years: 11, 12, 13, 14, and 15 (56 
kg K ha-1), site-year 5 (84 kg K ha-1), and site-years 7, 8, and 9 (112 kg K ha-1).  
†† Yield difference of the ‘Base Yield’ column subtracted from the ‘Recommended’, ‘P Only’, and ‘K Only’ treatments.  
‡‡p-value of the yield difference of the ‘Recommended’, ‘P Only’, and ‘K Only’ columns.  
§§ For the ‘K Only’ comparison, site-year 15 was the only site that contained fertilizer-P in the compared treatments.   
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Table 3.5. Rice yield, tissue-P (V6-V7 stage), and seed-P concentrations as affected by fertilizer-P application at 16 site-years.  
Site- 
Year† 
Rec-P 
rate 
Grain Yield‡ Tissue-P Concentration‡ Seed-P Concentration‡ 
No P With P p-value§ No P With P p-value§ No P With P p-value§ 
 kg ha-1 ----- kg ha-1 -----  ----- g kg-1 ----  ----- g kg-1 ----  
1 32 11790 12272 0.27 2.16 2.41 < 0.01 2.52 2.52 0.99 
2 32 11688 11341 0.18 2.19 2.32 0.03 2.67 2.67 0.99 
3 32 10671 10639 0.92 2.38 2.54 0.35 2.55 2.62 0.22 
4 32 9974 9829 0.59 3.02 3.25 0.09 2.38 2.35 0.68 
5 32 11466 11263 0.60 1.71 2.12  < 0.01 2.70 2.60 0.19 
6 32 12395 12154 0.48 2.42 2.43 0.84 2.58 2.53 0.35 
7 32 10967 10627 0.24 2.38 2.42 0.56 2.67 2.58 0.24 
8 32 8635 8506 0.56 2.04 2.40  < 0.01 2.73 2.70 0.61 
9 32 7810 7394 0.17 1.40 1.72  < 0.01 2.73 2.80 0.33 
10 32 10425 10323 0.73 1.64 2.01 0.03 2.85 2.85 0.99 
11 0 8126 8100 0.89 3.60 3.68 0.35 2.55 2.48 0.29 
12 0 9022 9012 0.97 3.18 3.43 0.11 2.65 2.57 0.18 
13 0 8611 8517 0.82 2.81 2.95 0.30 2.35 2.35 0.99 
14 0 8052 8107 0.86 2.97 3.21 0.17 2.40 2.33 0.18 
15 0 9103 9139 0.87 2.71 2.78 0.47 2.73 2.75 0.79 
16 0 9432 9013 0.05 2.89 2.99 0.30 2.85 2.97 0.08 
†Soil-test P and K levels for each site are shown in table 3.2. 
‡All treatment comparisons for ‘Grain Yield’, ‘Tissue-P Concentration’, and ‘Seed-P Concentration’ contained the recommended 
fertilizer-K rate [table 3.4 (0, 56, 84, or 112 kg K ha-1)] except for site-years 5 (84 kg K ha-1 treatment sampled), 7, 8, and 9 (112 kg K 
ha-1 treatment sampled). 
§The p-value of the ’Grain Yield’, ‘Tissue-P Concentration’, and ‘Seed-P Concentration’ differences found from subtracting  the ‘No 
P’ treatment from the ‘With P’ treatment.  
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Table 3.6. Rice yield, seed- and whole-plant-K (R2-R3 stage) concentrations as affected by fertilizer-K application at 16 site-years. 
Site- 
Year† 
Rec-K 
rate 
Grain Yield‡ Tissue-K Concentration‡ Seed-K Concentration‡ 
Fertilizer Rate (kg K ha-1)      Fertilizer Rate (kg K ha-1)   
0 56 84 112 p-value§ linear¶ No K With K p-value 0 56 84 112 p-value linear 
 kg ha-1 --------------- kg ha-1 ---------------   ------ g kg-1 -----  ---------------- g kg-1 ----------------   
1 56 12019 12272 12256 12347 0.44 0.52 19.80 20.17 0.51 3.08 3.18 3.13 3.23 0.28 0.26 
2 84 11457 11703 11341 11610 0.65 0.72 13.96 17.54 < 0.01 2.85 2.60 2.82 2.82 0.17 0.89 
3 84 10709 10586 10671 10759 0.76 0.89 14.97 18.98 < 0.01 2.88 2.92 2.77 2.97 0.29 0.77 
4 56 9899 9828 9985 10166 0.67 0.36 17.81 19.47 0.12 2.90 2.73 2.77 2.90 0.19 0.75 
5 112 11483 11850 11263 12148 0.39 0.03 12.55 16.75 0.04 3.25 3.32 3.27 3.23 0.84 0.88 
6 84 12057 12170 12154 13100 0.14 0.02 15.75 16.58 0.37 3.20 3.13 3.23 3.27 0.91 0.44 
7 84 10659 11125 10807 10627 0.41 0.91 13.78 15.69 0.04 2.95 3.05 2.92 3.02 0.53 0.68 
8 56 8519 8354 8592 8530 0.84 0.96 20.26 22.35 < 0.01 3.50 3.43 3.22 3.20 0.04 0.01 
9 84 7963 7508 8043 7391 0.21 0.07 18.68 20.36 0.09 3.18 3.60 3.45 3.47 0.05 0.24 
10 56 10316 10323 10527 10778 0.35 0.14 15.99 17.13 0.05 3.10 3.10 3.02 2.97 0.54 0.46 
11 0 8052 7991 7946 7966 0.25 0.67 22.82 23.67 0.19 2.47 2.43 2.30 2.43 0.35 0.29 
12 0 9075 8908 8820 9025 0.55 0.68 23.55 25.29 0.03 2.48 2.52 2.52 2.42 0.62 0.67 
13 0 8098 7555 8653 8390 0.19 0.45 25.92 26.03 0.87 2.65 2.52 2.62 2.47 0.03 0.06 
14 0 7976 8399 8449 8859 0.04 0.01 23.99 23.57 0.57 2.75 2.73 2.72 2.73 0.38 0.66 
15 0 9139 9395 8877 9081 0.92 0.50 16.80 17.26 0.53 3.13 3.13 3.07 3.17 0.89 0.97 
16 84 9191 9360 9013 9271 0.89 0.93 16.17 18.13 0.14 2.97 3.07 3.13 3.22 0.03 0.02 
†Soil-test P and K levels for each site are shown in table 3.2. 
‡The ‘0 kg ha-1’ or ‘No K’ treatment contained 0 (site-years 3, 11, 12, 13, and 14) or 32 kg P ha-1 (site-years 1, 2, 4, 5, 6, 7, 8, 9, 10, 
15, and 16). The ’With K’ treatment for ‘Tissue-K Concentration’ comparisons contained 56 (site-years 1, 4, and 10), 84 (site-years 2, 
3, 5, 6, 11, 12, 13, 14, 15, and 16), or 112 kg K ha-1 (site-years 6, 8, and 9). 
§The p-value for ‘Grain Yield’ and ‘Seed-K Concentration’, is for the difference of the average yield of plots receiving 56, 84, and 
112 kg K ha-1 compared with plots receiving 0 kg K ha-1. For ‘Tissue-K Concentration’, the p-value is for the concentration difference 
of plots that received a single rate of K fertilizer compared to the plots that received no K fertilizer. 
¶The p-value of the linear trend analysis of the 0, 56, 84, and 112 kg K ha-1 rate effects on ‘Grain Yield’ and ‘Seed-K Concentration’. 
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Table 3.7. Accuracy of soil-test P and K interpretations at significance levels of 0.05, 0.10, and 0.25 and assuming an equal land area 
distribution within each soil-test category for each of three evaluations.  
 
Category† 
Total 
Sites 
Yield response to fertilization‡ 
Evaluation I NC D I NC D I NC D 
   ----------- p ≤ 0.05 ------------- --------- p ≤ 0.10 ----------- ---------- p ≤ 0.25 -------------- 
Recommendation P & K 10 0 9 1 0 9 1 2 6 2 
 P Only 0 -- -- -- -- -- -- -- -- -- 
 K Only 1 0 1 0 0 1 0 0 1 0 
 Neither-P 5 0 5 0 0 5 0 0 5 0 
 Neither-K 5 0 4 1 0 4 1 0 4 1 
 Accuracy§  27% 27% 33% 
            
P response VL 2 0 2 0 0 2 0 0 1 1 
 L 4 0 4 0 0 4 0 0 3 1 
 M 4 0 4 0 0 4 0 0 3 1 
 O 2 0 2 0 0 2 0 0 2 0 
 AO 4 0 3 1 0 3 1 0 3 1 
 Accuracy§  35% 35% 35% 
            
K response VL 1 0 1 0 0 1 0 0 1 0 
 L 6 0 6 0 0 6 0 1 4 1 
 M 4 0 4 0 0 4 0 0 4 0 
 O 0 -- -- -- -- -- -- -- -- -- 
 AO 5 1 4 0 1 4 0 2 2 1 
 Accuracy§  20% 20% 14% 
† Category explanation: The ‘Recommended’ evaluation is based on Table 3.4 using the recommended rate of fertilizer-P, fertilizer-K 
or both compared with the yield rice receiving no fertilizer-P or -K. The P-response (Table 3.5) and K-response (Table 3.6) categories 
are based on rice yield response to fertilization with P or K when the other nutrient is supplied in sufficient amounts or at an optimal 
level in the soil.  
‡ Yield response to fertilization: I, increase; NC, no change; and D, decrease when differences are interpreted at the 0.05, 0.10, and 
0.25 significance levels.  Values in the cells indicate the number of site-years within each category and response.  The shaded cells are 
the ‘Correct’ responses according to the interpretation of current soil-test P and K based recommendations. 
§ Accuracy is the weighted mean of each category. ‘K response’ evaluation contained no sites in the Optimum category. 
1
0
2
 
103 
 
Table 3.8. Accuracy of soil-test P and K interpretations when p = 0.05, 0.10, and 0.25 using the 
actual distribution of rice area within each soil-test level (DeLong et al., 2015).  
Nutrient 
Percent 
hectares† 
Soil-test 
level‡ 
Significance level 
0.05 0.10 0.25 
 (%)  Accuracy (%) § 
P response 22 Very Low 0 0 0 
 34 Low 0 0 0 
 23 Medium 0 0 0 
 14 Optimum 14 14 14 
 7 Above optimum 5 5 5 
Cumulative Accuracy¶ 19 19 19 
      
K response 7 Very Low 0 0 0 
 24 Low 0 0 5 
 27 Medium 0 0 0 
 42 Above Optimum# 34 34 17 
Cumulative Accuracy 34 34 22 
† Percent distribution of the soil sampled hectares in Arkansas within each soil-test level.  
‡ Soil-test level definitions given in Table 3.3 
§ The percent accuracy of each soil-test level calculated as a weighted average of the percent of 
rice hectares in Arkansas.   
¶ The cumulative accuracy is the sum of the accuracy within each soil-test level calculated as 
[(Percent hectares × Accuracy) ÷ 100]. 
# None of the 17 site-years had soil-test K in the Optimum level.  For calculating cumulative 
accuracy, the percentage of hectares in the Optimum and Above Optimum levels was combined.
    
 
Table 3.9. Accuracy of whole-plant rice-P (V6-V7 growth stage) and -K (R2-R3 growth stage) concentration interpretations for 
predicting grain yield response to fertilization at three significance levels (p = 0.05, 0.10, and 0.25). 
Parameter† 
Whole-plant 
nutrient level‡ 
Total 
Sites§ 
Yield response to fertilizer¶ 
I NC D I NC D I NC D 
   ----------- p ≤ 0.05 ----------- ---------- p ≤ 0.10 ----------- ---------- p ≤ 0.25 ----------- 
P response Deficient 3 0 3 0 0 3 0 0 2 1 
 Sufficient 13 0 13 0 0 13 0 0 10 3 
   Accuracy 50% 50% 39% 
K response Deficient 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 
 Low 1 0 1 0 0 1 0 0 1 0 
 Sufficient 15 1 14 0 1 14 0 2 11 2 
   Accuracy 47% 47% 37% 
† Rice response to P (0 kg P ha-1 compared to 32 kg P ha-1) when K availability is non-limiting, or rice response to K [0 kg ha-1 
compared to one K rate (56, 84, or 112 kg ha-1)] when P availability is non-limiting. 
‡ Whole-plant nutrient level: Deficient, < 2.0 g P kg-1 and < 10.5 g K kg-1, Low: N/A for P, 10.5-13.0 g K kg-1; Sufficient: ≥ 2.0 g P 
kg-1 and ≥13.0 g K kg-1. 
§ Total Sites is the number of site-years in each whole-plant nutrient level. Accuracy is calculated as an equally weighted mean of 
each whole-plant nutrient level.  
¶ Yield response to fertilization: I, increase; NC, no change; and D, decrease when alpha values= 0.05, 0.10, 0.25. The numbers in the 
columns are the number of sites within each response category. Cells that are shaded indicate the expected response used to calculate 
accuracy within each level or overall accuracy (equally weighted among categories). 
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Figure 3.1. Regression relationship of the mean Mehlich-3 phosphorus (a) and potassium (b) 
concentrations of the 0-10 cm soil depth with the 0-30 (clayey soil) and 0-45 (loamy soil) cm soil 
depths from 16 site-years of rice research.  
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 Appendix 3.1. Soil chemical property means (n = 6) from the unfertilized control in P and K fertilization rice trials conducted in 2013 
and 2014. 
Site-
Year 
0-10 cm depth 0-30 or 0-45cm depth† 
Ca Mg S Na Fe Mn Zn Cu   B     Ca Mg S Na Fe Mn Zn Cu B 
 ---------------------------------------------------------------- mg kg-1 ------------------------------------------------------------------- 
1 1670 258 6 22 230 449 1.8 1.3 0.4 1236 230 45 55 170 331 0.8 0.6 0.2 
2 1557 244 6 24 246 489 1.8 1.3 0.3 1377 184 18 46 288 392 1.3 1.1 0.2 
3 1614 343 10 66 258 440 1.4 1.0 0.4 834 276 43 109 228 227 0.9 0.7 0.2 
4 1398 129 9 80 406 307 2.1 1.0 0.2 1433 239 17 232 199 275 0.9 0.8 0.0 
5 2264 360 11 42 359 328 1.6 1.2 0.4 1727 329 21 70 298 312 1.4 1.1 0.2 
6 1673 325 7 29 481 184 2.5 0.9 0.4 1330 301 10 53 302 220 1.3 0.6 0.2 
7 1425 304 9 25 362 283 1.9 1.1 0.3 919 220 32 65 266 247 1.1 0.9 0.1 
8 1805 146 6 62 413 284 1.2 1.1 0.5 1464 236 14 159 179 318 0.6 0.7 0.2 
9 1623 205 7 105 283 426 1.5 1.1 0.4 1390 305 27 240 109 204 0.5 0.7 0.2 
10 1886 656 6 107 269 43 1.3 2.1 0.4 1539 886 20 233 292 22 1.1 1.5 0.2 
11 5115 931 8 57 467 75 3.8 4.9 1.0 4476 829 11 74 460 70 3.4 4.7 0.9 
12 3733 758 10 45 479 67 4.1 4.5 0.7 3514 728 12 58 414 83 3.7 5.0 0.7 
13 4300 1022 7 50 428 94 4.5 4.8 0.9 4536 1104 10 94 436 74 4.0 5.1 0.9 
14 4885 1038 14 50 442 71 3.9 5.2 1.0 4780 1047 21 81 446 75 4.2 5.4 1.0 
15 4476 826 28 154 497 90 2.7 2.1 1.0 3377 925 34 223 456 74 2.4 2.6 0.6 
16 2241 398 19 85 323 402 2.7 2.2 0.5 1313 299 24 100 259 367 1.8 1.6 0.2 
† See table 3.2 for site depth. 
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 Appendix 3.2. Treatment structure for rice sites established in 2013 and 2014. 
 Fertilizer Rate 
Site-
Year 
TRT 1† TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 
P K P K P K P K P K P K 
 ------------------------------------------------------------------- kg ha-1 -------------------------------------------------------------------- 
1 32 0 32 56 32 84 32 112 0 56 0 0 
2 32 0 32 56 32 84 32 112 0 84 0 0 
3 0 0 0 56 0 84 0 112 32 84 0 0 
4 32 0 32 56 32 84 32 112 0 56 0 0 
5 32 0 32 56 32 84 32 112 0 84 0 0 
6 32 0 32 56 32 84 32 112 0 84 0 0 
7 32 0 32 56 32 84 32 112 0 112 0 0 
8 32 0 32 56 32 84 32 112 0 112 0 0 
9 32 0 32 56 32 84 32 112 0 112 0 0 
10 32 0 32 56 32 84 32 112 0 56 0 0 
11 0 0 0 56 0 84 0 112 32 0 0 0 
12 0 0 0 56 0 84 0 112 32 0 0 0 
13 0 0 0 56 0 84 0 112 32 0 0 0 
14 0 0 0 56 0 84 0 112 32 0 0 0 
15 32 0 32 56 32 84 32 112 0 0 0 0 
16 32 0 32 56 32 84 32 112 0 84 0 0 
†Abbreviation: TRT, treatment. 
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 Appendix 3.3. Rice whole-plant-P concentrations at the V6-V7 stage for the treatments sampled in each of the 16 site-years. 
Site-Year† 
  Whole-Plant-P Concentration  
LSD 0.05 LSD 0.25 TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value‡ 
 ----------------------------------------- g kg-1 ------------------------------------------  --------- g kg-1 --------- 
1 -- 2.41 -- -- 2.15 2.19 <0.01 0.10 0.05 
2 -- -- 2.32 -- 2.19 2.31 0.05 0.12 0.06 
3 -- -- 2.38 -- 2.56 2.29 0.44 NS NS 
4 -- 3.25 -- -- 3.02 3.08 0.20 NS 0.15 
5 -- -- 2.12 -- 1.71 1.78 <0.01 0.15 0.08 
6 -- -- 2.43 -- 2.42 2.40 0.93 NS NS 
7 -- -- -- 2.42 2.38 2.54 0.04 0.12 0.07 
8 -- -- -- 2.40 2.03 2.29 <0.01 0.18 0.10 
9 -- -- -- 1.72 1.40 1.47 0.02 0.21 0.12 
10 -- 2.01 -- -- 1.64 1.67 0.05 0.32 0.18 
11 3.65 -- -- -- 3.68 3.55 0.38 NS NS 
12 3.22 -- -- -- 3.43 3.15 0.24 NS 0.20 
13 -- -- -- -- 2.95 2.81 0.30 NS NS 
14 -- -- -- -- 3.21 2.97 0.17 NS 0.19 
15 2.78 -- -- -- 2.73 2.68 0.71 NS NS 
16 -- -- 2.99 -- 2.89 2.90 0.50 NS NS 
†See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment. 
‡p-value of the treatment effect. 
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 Appendix 3.4. Rice whole-plant-K concentrations at the R2-R3 stage for the treatments sampled in each of the 16 site-years. 
Site-Year† 
Whole-Plant-K Concentration  
LSD 0.05 LSD 0.25 TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value‡ 
 ----------------------------------------- g kg-1 ------------------------------------------  --------- g kg-1 --------- 
1 19.80 20.17 -- -- -- -- 0.50 NS NS 
2 13.96 -- 17.54 -- -- -- <0.01 1.35 0.68 
3 14.97 -- 18.98 -- -- -- <0.01 1.61 0.81 
4 17.81 19.47 -- -- -- -- 0.12 NS 1.14 
5 12.47 -- 16.57 -- -- -- 0.04 3.36 1.25 
6 15.75 -- 16.58 -- -- -- 0.37 NS NS 
7 13.78 -- -- 15.69 -- -- 0.04 1.77 0.90 
8 20.26 -- -- 22.35 -- -- <0.01 1.08 0.55 
9 18.68 -- -- 20.36 -- -- 0.09 NS 1.04 
10 15.99 17.13 -- -- -- -- 0.05 1.12 0.57 
11 22.82 -- 23.67 -- -- -- 0.19 NS 0.72 
12 23.55 -- 25.29 -- -- -- 0.03 1.43 0.72 
13 25.92 -- 26.03 -- -- -- 0.87 NS NS 
14 23.99 -- 23.57 -- -- -- 0.57 NS NS 
15 16.80 -- 17.26 -- -- -- 0.53 NS NS 
16 16.17 -- 18.13 -- -- -- 0.14 NS 0.88 
† See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment. 
‡p-value of the treatment effect. 
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 Appendix 3.5. Rice dry matter production at the V6-V7 stage for the treatments sampled in each of the 16 site-years. 
Site-Year† 
V6-V7 Stage Dry Matter Production  
LSD 0.05 LSD 0.25 TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value‡ 
 ----------------------------------------- kg ha-1 ------------------------------------------  --------- kg ha-1 --------- 
1 -- 1816 -- -- 1481 1667 0.09 NS 196 
2 -- -- 2582 -- 2565 2755 0.74 NS NS 
3 -- -- 1629 -- 1682 1751 0.72 NS NS 
4 -- 3397 -- -- 3626 3369 0.57 NS NS 
5 -- -- 4332 -- 3792 4121 0.45 NS NS 
6 -- -- 3452 -- 3810 3429 0.55 NS NS 
7 -- -- -- 5190 5452 5118 0.53 NS NS 
8 -- -- -- 2038 1662 1391 0.01 369 196 
9 -- -- -- 1173 1034 939 0.55 NS NS 
10 -- 1658 -- -- 1626 1484 0.45 NS NS 
11 1924 -- -- -- 1974 2077 0.64 NS NS 
12 1824 -- -- -- 1594 1709 0.41 NS NS 
13 -- -- -- -- 1891 1728 0.37 NS NS 
14 -- -- -- -- 1545 1460 0.62 NS NS 
15 816 -- -- -- 830 806 0.93 NS NS 
16 -- -- 1455 -- 1946 1517 0.06 NS 182 
†See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment. 
‡p-value of the treatment effect. 
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 Appendix 3.6. Rice dry matter production at the R2-R3 growth stage for the treatments sampled in each of the 16 site-years. 
Site-Year† 
R2-R3 Dry Matter Production  
LSD 0.05 LSD 0.25 TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value‡ 
 ----------------------------------------- kg ha-1 ------------------------------------------  --------- kg ha-1 --------- 
1 12788 12953 -- -- -- -- 0.96 NS NS 
2 10806 -- 10797 -- -- -- 0.98 NS NS 
3 11658 -- 11795 -- -- -- 0.68 NS NS 
4 14800 13882 -- -- -- -- 0.33 NS NS 
5 12985 -- 12553 -- -- -- 0.53 NS NS 
6 10518 -- 12130 -- -- -- 0.39 NS NS 
7 11235 -- -- 13830 -- -- 0.01 1672 810 
8 16002 -- -- 16460 -- -- 0.60 NS NS 
9 15191 -- -- 13696 -- -- 0.05 1510 764 
10 15718 15783 -- -- -- -- 0.87 NS NS 
11 10597 -- 11355 -- -- -- 0.02 577 292 
12 10765 -- 11833 -- -- -- 0.08 NS 625 
13 17824 -- 17312 -- -- -- 0.38 NS NS 
14 18190 -- 17020 -- -- -- 0.14 NS 862 
15 14852 -- 15727 -- -- -- 0.36 NS NS 
16 10909 -- 11097 -- -- -- 0.48 NS NS 
†See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment. 
‡p-value of the treatment effect. 
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 Appendix 3.7. Rough rice seed-P concentrations at harvest for each of the 16 site-years. 
Site-Year† 
Seed-P Concentration  
LSD 0.05 LSD 0.25 TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value‡ 
 ----------------------------------------- g kg-1 ------------------------------------------  --------- g kg-1 --------- 
1 2.48 2.52 2.50 2.48 2.52 2.50 0.99 NS NS 
2 2.72 2.58 2.67 2.67 2.67 2.63 0.35 NS NS 
3 2.57 2.54 2.55 2.62 2.62 2.60 0.68 NS NS 
4 2.48 2.35 2.40 2.50 2.38 2.43 0.41 NS NS 
5 2.68 2.68 2.60 2.62 2.70 2.73 0.48 NS NS 
6 2.52 2.53 2.53 2.48 2.58 2.53 0.59 NS NS 
7 2.70 2.68 2.55 2.58 2.67 2.65 0.23 NS 0.08 
8 2.77 2.72 2.73 2.70 2.73 2.68 0.83 NS NS 
9 2.75 2.77 2.67 2.80 2.73 2.67 0.48 NS NS 
10 2.83 2.85 2.73 2.80 2.85 2.87 0.78 NS NS 
11 2.57 2.47 2.38 2.55 2.48 2.53 0.15 NS 0.09 
12 2.64 2.67 2.55 2.53 2.57 2.65 0.21 NS 0.08 
13 2.35 2.30 2.37 2.32 2.35 2.35 0.77 NS NS 
14 2.43 2.38 2.33 2.37 2.33 2.37 0.51 NS NS 
15 2.75 2.70 2.72 2.62 2.75 2.72 0.46 NS NS 
16 2.87 2.93 2.97 2.88 2.85 2.98 0.24 NS 0.08 
†See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment. 
‡p-value of the treatment effect. 
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 Appendix 3.8. Rough rice seed-K concentrations at harvest for each of the 16 site-years. 
Site-Year† 
Seed-K Concentration  
LSD 0.05 LSD 0.25 TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-value‡ 
 ----------------------------------------- g kg-1 ------------------------------------------  --------- g kg-1 --------- 
1 3.08 3.18 3.13 3.23 3.10 3.13 0.77 NS NS 
2 2.85 2.60 2.82 2.82 2.70 2.77 0.10 NS 0.11 
3 2.88 2.92 2.77 2.97 2.88 2.77 0.17 NS 0.11 
4 2.90 2.73 2.77 2.90 2.80 2.85 0.34 NS NS 
5 3.25 3.32 3.27 3.23 3.45 3.32 0.62 NS NS 
6 3.20 3.13 3.23 3.27 3.23 3.28 0.84 NS NS 
7 2.95 3.05 2.92 3.02 3.05 2.95 0.49 NS NS 
8 3.50 3.43 3.22 3.20 3.33 3.22 0.11 NS 0.15 
9 3.18 3.60 3.45 3.47 3.47 3.40 0.44 NS NS 
10 3.10 3.10 3.02 2.97 3.17 3.12 0.76 NS NS 
11 2.47 2.43 2.30 2.43 2.38 2.40 0.30 NS NS 
12 2.48 2.52 2.52 2.42 2.53 2.55 0.75 NS NS 
13 2.65 2.52 2.62 2.47 2.55 2.67 0.13 NS 0.10 
14 2.75 2.73 2.72 2.73 2.63 2.63 0.25 NS 0.07 
15 3.13 3.13 3.07 3.17 3.20 3.10 0.82 NS NS 
16 2.97 3.07 3.13 3.22 3.08 3.23 0.08 NS 0.11 
†See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment. 
‡p-value of the treatment effect. 
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CHAPTER 4 
Conclusions 
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 Validation of the accuracy of soil-test interpretations is a crucial step in research that is 
often overlooked in predicting crop response to nutrients supplied through fertilizer applications. 
Response to fertilizer varies greatly among crops grown under aerobic and anaerobic soil 
conditions due to increased P and K availability under reduced conditions. Many states with 
aerobic/anaerobic crop rotations {i.e. soybean [Glycine max (L.) Merr.] and rice (Oryza sativa 
L.)} use the same soil-test methods and interpretations for both crops. The overall research goal 
was to validate the accuracy of soil-test-based P and K fertilizer recommendations for irrigated 
soybean and direct-seeded, delayed-flood rice at three levels of significance (p ≤ 0.05, 0.10, and 
0.25). Objectives to accomplish this goal for both soybeans and rice were to: i) determine soil-
test nutrient levels that contained the most and least error, by interpretation, in predicting crop 
response to fertilizer, ii) examine the interpretation accuracy of published critical P and K 
concentrations of plant tissues in revealing the nutritional status of the plant, iii) examine how 
seed nutrient concentrations were affected by fertilization and crop response to fertilization, and 
iv) evaluate how soil nutrient concentrations at deeper depths affected the accuracy of soil-test 
and tissue concentration interpretations.  
 Soybean trials revealed that the majority of the error for both soil-test P and K and 
trifoliolate K concentration interpretations occurred in the suboptimal nutrient levels (i.e. Very 
Low, Low, and Medium soil-test levels and Deficient and Low trifoliolate nutrient levels) where 
positive responses to fertilizer were expected. Critical trifoliolate-P concentrations could not be 
evaluated due to the lack of site-years with suboptimal tissue concentrations. Overall soil-test 
interpretation accuracy was 40 (p ≤ 0.05) to 55% (p ≤ 0.25) for P and 71 (p ≤ 0.05) to 84% (p ≤ 
0.25) for K, while the accuracy of the critical tissue concentration was 48 (p ≤ 0.05) to 62% (p ≤ 
0.25) for K. Seed-P concentrations showed no correlation with any soil or plant measurement 
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taken, while seed-K concentrations displayed significant correlation relationships with 
trifoliolate-K concentrations (r = 0.54, p = 0.03), 0-10 cm depth Mehlich-3 STK (r = 0.36, p = 
0.15), and relative yield (r = 0.38, p = 0.13).  
 Similar to soybean, rice trials showed that the most frequent error in the prediction of rice 
yield response to fertilization for STP and STK was found in the suboptimal (Very Low, Low, 
and Medium) levels. The majority of the error in rice yield response predictions made from plant 
nutrient concentrations were contained in the Deficient category for P. Suboptimal (Deficient 
and Low) plant-K categories could not be fully evaluated because of minimal site-years with 
plant-K concentrations within the two categories. Soil-test interpretations were 35% accurate at 
predicting rice yield response to P fertilization, regardless of the significance level. Soil-test K 
accurately predicted rice yield response to fertilizer-K at 20 (p ≤ 0.05 and 0.10) and 14% (p ≤ 
0.25) of the sites-years. The accuracy of the critical plant-P concentration for predicting rice 
response to fertilizer-P addition was 50 (p ≤ 0.05 and 0.10) to 39% (p ≤ 0.25).  Rice seed-P 
concentrations were positively correlated with relative yield (r = 0.44, p = 0.09) and negatively 
correlated with plant-P concentrations (r = -0.48, p = 0.06). There were significant, negative 
correlations between rice seed-K with tissue-K concentrations (r = -0.53, p = 0.04) and negative 
correlations between seed-K concentrations with STK (r = -0.72, p < 0.01).  
 In summary, the relationship between the 0-10 cm and the 0-30 or -45 cm depth soil 
samples show that the shallow soil samples are good indicators of the relative nutrient 
concentrations at deeper depths for both crops. The positive relationship minimizes the effect 
that subsoil P and K availability has on the accuracy of established soil-test interpretations. Soil-
test P level boundaries may need to be adjusted for both soybean and rice to encompass errors in 
the suboptimal categories. There is no need to change the soil-test K interpretations because soil-
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test K is strongly correlated with rice tissue K concentration, and fertilizer-K recommendations 
for soybean are reliable for predicting the correct yield response to fertilization. In some cases, 
tissue nutrient concentrations were better predictors of yield response to fertilization, so crop 
nutrient management programs should incorporate both soil and plant analysis to have the best 
understanding of the effectiveness and efficiency of the nutrient management program being 
implemented.  
